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[Title of the invention] Dimerization method for condensed polycyclic 
aromatic compounds 

[Abstract] 

[Overcoming means] Dimerizing a condensed polycyclic aromatic 
compound (C) such as 1,8-naphthalimide in a system comprising an alkali 
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metal hydroxide and/or alkali metal alkoxide (A) such as potassium tert- 
butoxide and an azabicyclo ring-containing organic base (B) such as 1,5- 
diazabicycio[4.3.0.]non-5-ene (DBN), preferably in an organic solvent. 
[Advantages] Condensed polycyclic aromatic compounds (C) can be 
dimerized at good yields directly in one step without proceeding via a 
leuco form or the like, and dimerized condensed polycyclic aromatic 
compounds such as perylene-3,4,9,10-tetracarboxylic diimide are easily 
obtained. Moreover, as the azabicyclo ring-containing organic base (B) 
and the organic solvent used in the reaction can be recovered and used 
repeatedly, this production method is excellent industrially. 




[Scope of the patent claims] 

[Claim 1] Dimerization method for condensed polycyclic aromatic 
compounds, characterized in that a condensed polycyclic aromatic 
compound (C) is dimerized in a system comprising an alkali metal 
5 hydroxide and/or alkali metal alkoxide (A) and an azabicyclo ring- 
containing organic base (B). 

[Claim 2] Dimerization method according to claim 1, where the alkali metal 
hydroxide and/or alkali metal alkoxide (A) is potassium hydroxide and/or 
potassium alkoxide. 

10 [Claim 3] Dimerization method according to claim 1, where the alkali metal 
hydroxide and/or alkali metal alkoxide (A) is potassium alkoxide. 
[Claim 4] Dimerization method according to claim 1, where the alkali metal 
hydroxide and/or alkali metal alkoxide (A) is potassium ferf-butoxide. 
[Claim 5] Dimerization method according to claim 1, 2, 3 or 4, where the 

15 azabicyclo ring-containing organic base (B) is a pyrimidoazepine 
compound. 

[Claim 6] Dimerization method according to claim 1, 2, 3 or 4, where the 
azabicyclo ring-containing organic base (B) is a bicyclic amidino 
compound. 

20 [Claim 7] Dimerization method according to claim 1, 2, 3 or 4, where the 
azabicyclo ring-containing organic base (B) is 1,8-diazabi- 
cyclo[5.4.0]undec-7-ene (DBU) and/or 1 ,5-diazabicyclo[4.3.0]non-5-ene 
[DBN]. 

[Claim 8] Dimerization method according to any of claims 1 to 7, where 
25 from 0.5 to 30 mol of alkali metal hydroxide and/or alkali metal alkoxide (A) 
and from 0.5 to 30 mol of azabicyclo ring-containing organic base (B) are 
used per mol of condensed polycyclic aromatic compound (C). 
[Claim 9] Dimerization method according to claim 8, where from 0.2 to 7 
mol of azabicyclo ring-containing organic base (B) are used per mol of 
30 alkali metal hydroxide and/or alkali metal alkoxide (A). 

[Claim 10] Dimerization method according to any of claims 1 to 9, where 
the condensed polycyclic aromatic compound (C) is a naphthalene 
compound, anthracene compound or anthraquinone compound. 
[Claim 11] Dimerization method according to any of claims 1 to 9, where 
35 the condensed polycyclic aromatic compound (C) is a 1,8-naphthalimide 
compound, 1,8-naphthalic acid benzimidazole compound, benzanthrone 
compound, acenaphthoquinoxaline compound, acenaphthopyrazine 
compound, 1 ,9-anthracenecarboxylic acid imide compound, 
1,9-anthracenecarboxylic acid benzimide compound, aceanthraquinoxaline 
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compound, aceanthrapyrazine compound or ami noanthraqui none 
compound. 

[Claim 12] Dimerization method according to any of claims 1 to 9, where 
the condensed polycyclic aromatic compound (C) is 1,8-naphthalimide, an 
5 N-linear alkyl-1,8-naphthalimide, N-cyclic alkyl-1,8-naphthalimide, N-aryl- 

1.8- naphthalimide, N-arylalkyl-1,8-naphthalimide, or 1 ,8-naphthalic acid 
benzi imidazole, benzanthrone, a halogenated benzanthrone, 
benzomethobenzanthrone, acenaphthroquinoxaline, a linear alkyl- 
substituted acenaphthroquinoxaline, acenaphthrapyrazine, a linear alkyl- 

10 substituted acenaphthopyrazine, 1 ,9-anthracenecarboxylic acid imide, 

1 .9- anthracenecarboxylic acid benzimidazole, aceanthraquinoxaline, 
aceanthrapyrazine, 1-aminoanthraquinone, 2-aminoanthraquinone or a 
halogenated aminoanthraquinone 

[Claim 13] Dimerization method according to any of claims 1 to 12, where 
15 the condensed polycyclic aromatic compound (C) is dimerized in an 
organic solvent. 

[Claim 14] Dimerization method according to claim 13, where the organic 
solvent has a boiling point of 40°C or higher. 

[Claim 15] Dimerization method according to claim 13, where the organic 
20 solvent has a boiling point of 40°C or higher and is one or more chosen 
from the group consisting of amines, aliphatic hydrocarbons, aromatic 
hydrocarbons, heterocyclic aromatic compounds and ethers. 
[Claim 16] Dimerization method according to claim 13, where the organic 
solvent is one or more chosen from the group consisting of 
25 cyclohexylamine, pentane, toluene, quinoline, monoglyme, diglyme, 
triglyme and tetraglyme. 

[Claim 17] Dimerization method according to any of claims 1 to 16, where 
the condensed polycyclic aromatic compound (C) is dimerized in an inert 
gas atmosphere. 

30 [Claim 18] Dimerization method according to any of claims 1 to 17, where 
the condensed polycyclic aromatic compound (C) is dimerized at a 
temperature of from 40 to 300°C. 

[Ciaim 19] Dimerization method according to any of claims 1 to 17, where 
the condensed polycyclic aromatic compound (C) is dimerized at a 
35 temperature of from 80 to 250°C. 

[Claim 20] Dimerization method according to any of claims 1 to 19, where 
the alkali metal hydroxide and/or alkali metal alkoxide (A) and the 
azobicyclo ring-containing organic base (B) are mixed, then the condensed 
polycyclic aromatic compound (C) is added and dimerized. 



-3- 

[Claim 21] Dimerization method according to any of claims 1 to 19, where 
the alkali metal hydroxide and/or alkali metal alkoxide - (A) and the 
azobicyclo ring-containing organic base (B) are mixed, then heated, then 
the condensed polycyclic aromatic compound (C) is added and dimerized. 

5 [Claim 22] Dimerization method according to any of claims 1 to 21, where, 
on completion of the dimerization of the condensed polycyclic aromatic 
compound (C), the reaction solution is filtered to yield dimerized 
condensed polycyclic aromatic compound. 
[Detailed description of the invention] 

10 [0001] 

[Technical field of the invention] The present invention relates to a 
dimerization method for condensed polycyclic aromatic compounds; more 
specifically, it relates to a method for producing peryline compounds, 
sulene compounds and the like, which are important in dye pigments and 
15 electronic materials, by dimerizing condensed polycyclic aromatic 
compounds in one step. 
[0002] 

[Prior art] Perylene compounds such as perylene-3,4,9,10-tetracarboxylic 
acid diimide, N-substituted-perylene-3,4,9,10-tetracarboxylic acid diimide, 

20 perylene-3,4,9,1 0-tetracarboxyl-bis-benzimidazole, di(cyclopenta-quin- 
oxalino)perylene and isoviolanthrone, and sulene compounds such as 
dianthraquinone-N,N'-dihydrazine and 4,4'-diamino-1 ,1 '-dianthraquinonyl, 
have long been used as organic pigments, and recently they have 
attracted attention as optically functional materials. 

25 [0003] Perylene-3,4,9,1 0-tetracarboxylic acid diimide is usually produced 
by coupling (condensing) 1 ,8-naphthalimide by the alkali fusion reaction 
then air-oxidizing the resulting leuco form (Japanese Unexamined Patent 
Application H3-223282). 

[0004] Moreover, N-substituted-perylene-3,4,9,1 0-tetracarboxylic acid 
30 diimide is produced by thermally decomposing the perylene-3,4,9,10- 
tetracarboxylic acid diimide obtained as described above using sulfuric 
acid, and condensing the resulting perylene-3,4,9,1 0-tetracarboxylic 
anhydride with a primary amine [T. Maki et al., Bull. Chem. Soc. Jpn., Vol. 
27, p.602 (1954)]. 

35 [0005] Perylene-3,4,9,1 0-tetracarboxylbisbenzimidazole is produced by 
thermally decomposing the perylene-3,4,9,1 0-tetracarboxylic acid diimide 
obtained as described above using sulfuric acid, and condensing the 
resulting perylene-3,4,9,1 0-tetracarboxylic anhydride with o-phenylene- 
diamine [T. Maki et al., Bull. Chem. Soc. Jpn., Vol. 25, p.41 1 (1952)]. 
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[0006] Di(cyclopentaquinoxalino) perylene is produced by coupling 
(condensing) acenaphthoquinoxaline by the alkali fusion reaction then air- 
oxidizing the resulting leuco form [W. Bradley et al., J. Chem. Soc., p.4436 
(1954)]. 

5 [0007] Isoviolanthrone is produced by halogenating benzanthrone then 
treating with sodium sulfide, and reacting the resulting sulfide with 
potassium ethoxide [H. Zollinger, Color Chemistry, p.223 (1991)]. 
[0008] Dianthraquinone-N,N'-dihydrazine is produced by coupling 
(condensing) 2-aminoanthraquinone by the alkali fusion reaction then air- 
10 oxidizing the resulting leuco form [W. Bradley et al., J. Chem. Soc. p.2129 
(1951)]. 

[0009] 4,4 , -diamino-1,1 , -dianthraquinonyl is produced by brominating 1- 
aminoanthraquinone and sulfonating, coupling (condensing) then 
desulfonating the resulting 1,1'-dianthraquinonyl form (H. Gartner, J. Oil 
15 Colour Chemists Assoc., Vol. 46, p.13 (1963)]. 
[0010] 

[Problems to be overcome by the invention] However, the method for 
producing perylene-3,4,9,10-tetracarboxylic acid diamide is undesirable 
industrially because (1) 1,8-naphthalimide is condensed by alkali fusion at 
20 high temperatures (from 190 to 300°C) and so a special reaction vessel is 
required and the reaction vessel soon deteriorates; (2) the leuco form is 
dispersed in an aqueous alkaline solution and so water must be added 
durings alkali fusion, which is problematic in terms of safety durings 
production, for example, in terms of preventing explosions of steam; and 
25 (3) there are problems in that, for example, the 1,8-naphthalimide is 
coupled (condensed), then air-oxidized, which is a two step process. 
[0011] Furthermore, the methods for producing N-substituted-perylene- 
3,4,9,1 0-tetracarboxylic acid diimide and perylene-3,4,9,10-tetracarboxyl- 
bisbenzimidazole are also undesirable industrially because of the 
30 abovementioned problems (1), (2) and (3), and because both a thermal 
decomposition process and a condensation process are required, and 
productivity is poor. 

[0012] Similarly, the methods for producing di(cyclopenta- 
quinoxalino)perylene and dianthraquinone-N,N'-dihydrazine are un- 
35 desirable industrially because they are produced using the alkali fusion 
method, in the same way as the abovementioned perylene-3,4,9,10- 
tetracarboxylic acid diimide, and so there are problems due to the alkali 
fusion method, such as the abovementioned (1), (2) and (3). 
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[0013] Furthermore, the production of isoviolanthrone uses benzanthrone 
as starting material and involves three steps: halogenation, sulfide 
formation and desulfurization; and the production of 4,4'-diamino-1,1'- 
dianthraquinonyl uses 1-aminoanthraquinone as starting material and 
5 involves four processes: bromination, sulfonation, coupling and 
desulfonation; and both production methods have poor productivity and 
are unfavorable industrially. 
[0014] 

[Means of overcoming the problems] As a result of diligent research into 

10 overcoming the abovementioned problems, the present inventors 
discovered that, for example, (1) by condensing 1,8-naphthalimide in a 
system comprising alkali metal hydroxide and/or alkali metal alkoxide, and 
an azabicyclo ring-containing organic base, in the presence of or absence 
of an organic solvent, the dimerization of 1,8-naphthalimide proceeds and 

15 the corresponding perylene-3,4,9,10-tetracarboxylic acid diimide can be 
obtained at good yields directly in one step without proceeding via a leuco 
form, and the production operations are very safe and it is relatively easy 
to make the reaction continuous; (2) this dimerization method can also be 
used for dimerizing N-substituted-1,8-naphthalimide, 1,8-naphthalic acid 

20 benzimidazole, 1 ,9-anthracene carboxylic acid imide and the like, and from 
these it is possible to produce the corresponding perylene compounds, 
such as N-substituted-perylene-3,4,9,10-tetracarboxylic acid diimide, 
perylene-3,4,9,10-tetracarboxyl-bis-benzimidazole and dibenzoperylene- 
tetracarboxylic acid diimide, by a direct one step reaction; and (3) the 

25 diazabicyclo ring-containing organic base and the organic solvent used in 
the reaction can be recovered and used. 

[0015] The present inventors perfected the present invention upon also 
discoverings that, for example, (4) the dimerization method disclosed in (1) 
above can also be used for dimerizing condensed polycyclic aromatic 

30 compounds such as 2-aminoanthraquinone, 1-aminoanthraquinone, 
acenaphthoquinoxaline, acenaphthopyrazine and benzanthrone, and the 
corresponding dimerized condensed polycyclic aromatic compounds, such 
as dianthraquinone-N,N"-dihydrazine, 4,4'-diamino-1,1'-dianthraquinonyl, 
di(cyclopentaquinoxalino)perylene, di(cyclopentapyrazino)perylene and 

35 isoviolanthrone, can easily be produced. 

[0016] Specifically, the present invention provides a (1) type dimerization 
method for condensed polycyclic aromatic compounds, characterized in 
that a condensed polycyclic aromatic compound (C) is dimerized in a 
system comprising an alkali metal hydroxide and/or alkali metal alkoxide 
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(A) and an azabicyclo ring-containing organic base (B); (2) a dimerization 
method according to (1) above, where the alkali metal hydroxide and/or 
alkali metal alkoxide (A) is potassium hydroxide and/or potassium alkoxide; 
(3) a dimerization method according to (1) above, where the alkali metal 
5 hydroxide and/or alkali metal alkoxide (A) is potassium alkoxide; (4) a 
dimerization method according to (1) above, where the alkali metal 
hydroxide and/or alkali metal alkoxide (A) is potassium terf-butoxide; 
[0017] (5) a dimerization method according to (1), (2), (3) or (4) above, 
where the azabicyclo ring-containing organic base (B) is a 

10 pyrimidoazepine compound; (6) a dimerization method according to (1), 
(2), (3) or (4) above, where the azabicyclo ring-containing organic salt (B) 
is a bicyclic amidino compound; (7) a dimerization method according to (1), 
(2), (3) or (4) above, where the azabicyclo ring-containing organic base (B) 
^ is 1,8-diazabicyclo[5.4.0]undec-7-ene (DBU) and/or 1,5- 

15 diazabicyclo[4.3.0]non-5-ene [DBN]. 

[0018] (8) a dimerization method according to any of (1) to (7) above, 
where from 0.5 to 30 mol of alkali metal hydroxide and/or alkali metal 
alkoxide (A) and from 0.5 to 30 mol of azabicyclo ring-containing organic 
base (B) are used per mol of condensed polycyclic aromatic compound 

20 (C); (9) a dimerization method according to (8) above, where from 0.2 to 7 
mol of azabicyclo ring-containing organic base (B) are used per mol of 
alkali metal hydroxide and/or alkali metal alkoxide (A); (10) a dimerization 
method according to any of (1) to (9) above, where the condensed 
polycyclic aromatic compound (C) is a naphthalene compound, anthracene 

25 compound or anthraquinone compound; and (11) a dimerization method 
according to any of (1) to (9) above, where the condensed polycyclic 
™ aromatic compound (C) is a 1,8-naphthalimide compound, 1,8-naphthalic 

acid benzimidazole compound, benzanthrone compound, acenaphtho- 
quinoxaline compound, acenaphthopyrazine compound, 1 ,9-anthracene- 

30 carboxylic acid imide compound, 1,9-anthracenecarboxylic acid benzimide 
compound, aceanthraquinoxaline compound, aceanthrapyrazine 
compound or aminoanthraquinone compound. 

[0019] The present invention also provides (12) a dimerization method 
according to any of (1) to (9) above, where the condensed polycyclic 
35 aromatic compound (C) is 1,8-naphthalimide, an N-linear alkyl-1,8- 
naphthalimide, N-cyclic alkyl-1,8-naphthalimide, N-aryl-1,8-naphthalimide, 
N-arylalkyl-1 ,8-naphthalimide, or 1 ,8-naphthalic acid benzimidazole, 
benzanthrone, a halogenated benzanthrone, benzomethobenzanthrone, 
acenaphthroquinoxaline, a linear alkyl-substituted 
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acenaphthroquinoxaline, acenaphthrapyrazine, a linear alkyl-substituted 
acenaphthopyrazine, 1 ,9-anthracenecarboxylic acid imide, 1,9- 
anthracenecarboxylic acid benzimidazole, aceanthraquinoxaline, 
aceanthrapyrazine, 1-aminoanthra-quinone, 2-aminoanthraquinone or a 
5 halogenated aminoanthraquinone. 

[0020] The present invention also provides (13) a dimerization method 
according to any of (1) to (12) above, where the condensed polycyclic 
aromatic compound (C) is dimerized in an organic solvent; (14) a 
dimerization method according to (13) above, where the organic solvent 

10 has a boiling point of 40°C or higher; (15) a dimerization method according 
to (13) above, where the organic solvent has a boiling point of 40°C or 
higher and is one or more chosen from the group consisting of amines, 
aliphatic hydrocarbons, aromatic hydrocarbons, heterocyclic aromatic 
compounds and ethers; (16) a dimerization method according to (13) 

15 above, where the organic solvent is one or more chosen from the group 
consisting of cyclohexylamine, pentane, toluene, quinoline, monoglyme, 
diglyme, triglyme and tetraglyme. 

[0021] (17) A dimerization method according to any of (1) to (16) above, 
where the condensed polycyclic aromatic compound (C) is dimerized in an 

20 inert gas atmosphere; (18) a dimerization method according to any of (1) to 
(17) above, where the condensed polycyclic aromatic compound (C) is 
dimerized at a temperature of from 40 to 300°C; (19) a dimerization 
method according to any of (1) to (17) above, where the condensed 
polycyclic aromatic compound (C) is dimerized at a temperature of from 80 

25 to 250°C; 

[0022] (20) a dimerization method according to any of (1) to (19) above, 
where the alkali metal hydroxide and/or alkali metal alkoxide (A) and the 
azobicyclo ring-containing organic base (B) are mixed, then the condensed 
polycyclic aromatic compound (C) is added and dimerized; (21) a 
30 dimerization method according to any of (1) to (19) above, where the alkali 
metal hydroxide and/or alkali metal alkoxide (A) and the azobicyclo ring 
containing organic base (B) are mixed, then heated, then the condensed 
polycyclic aromatic compound (C) is added and dimerized; and (22) a 
dimerization method according to any of (1) to (21) above, where, on 
35 completion of the dimerization of the condensed polycyclic aromatic 
compound (C), the reaction solution is filtered to yield dimerized 
condensed polycyclic aromatic compound. 
[0023] 
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[Mode of the invention] The present invention is described in detail below. 
The condensed polycyclic aromatic compounds (C) used in the present 
invention include, for example, naphthalene compounds, anthracene 
compounds and anthraquinone compounds which do not have substituent 
groups at the region which forms the bonding part on dimerization. 
[0024] Examples of the abovementioned naphthalene compounds include 
those having a naphthalene backbone and no substituent groups at the 
region which forms the bonding part on dimerization, for example 
1,8-naphthalimide compounds, 1,8-naphthalic acid benzimidazole 
compounds, benzanthrone compounds, acenaphthoquinoxaline 
compounds, acenaphthopyrazine compounds and the like which have no 
substituent groups at the region which forms the bonding part on 
dimerization. 

[0025] To describe these in more detail, the 1,8-naphthalimide compounds 
include those having a 1,8-naphthalimide backbone and no substituent 
groups at the region which forms the bonding part on dimerization, for 
example, the 4- and 5-positions on the naphthalene rings; and the 1,8- 
naphthalic acid benzimidazole compounds include those having a 1,8- 
naphthalic acid benzimidazole backbone and no substituent groups at the 
region which forms the bonding part on dimerization, for example, the 4- 
and 5-positions on the naphthalene rings; and examples thereof include 
1,8-naphthalimide and 1,8-naphthalic acid benzimidazole, and compounds 
thereof having substituent groups on the aromatic rings and/or imide 
nitrogen. 

[0026] Here, examples of the abovementioned substituent groups on the 
aromatic rings of the 1,8-naphthalimide compounds and 1,8-naphthalic 
acid benzimidazole compounds include halogen atoms, linear alkyl groups, 
cyclic alkyl groups, aryl groups, arylalkyl groups, alkoxy groups, nitro 
groups and the like; and examples of substituent groups on the imide 
nitrogen of 1,8-naphthalimide compounds include linear alkyl groups, 
cyclic alkyl groups, aryl groups, arylalkyl groups and the like. It should be 
noted that the abovementioned linear alkyl, cyclic alkyl, aryl, arylalkyl and 
alkoxy groups may be substituted by a halogen atom or the like. 
[0027] Specific examples of the abovementioned compounds having 
substituent groups on the imide nitrogen include N-linear alkyl-1,8- 
naphthalimides such as N-methyl-1,8-naphthalimide, N-terf-butyl-1,8- 
naphthalimide, N-methoxypropyl-1,8-naphthalimide, N-methyl-2,7- 
dimethyl-1 ,8-naphthalimide, N-methyl-2,7-dichloro-1 ,8-naphthalimide, N- 
methyl-2,7-diethoxy-1 ,8-naphthalimide and N-methyl-2,7-diphenyl-l ,8- 
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naphthalimide; N-cyclic alkyl-1,8-naphthalimides such as N-cyclohexyl-1 ,8- 
naphthalimide; N-aryl-1,8-naphthalimides such as N-phenyl-1,8- 
naphthalimide, N-(3,5-dimethylphenyl)-1 ,8-naphthalimide, N-(p- 
chlorophenyl)-1 ,8-naphthalimide, N-(p-methoxyphenyl)-1 ,8-naphthalimide 
5 and N-(p-phenylazophenyl)-1 ,8-naphthalimide; and N-arylalkyl-1 ,8- 
naphthalimides such as N-benzyl-1,8-naphthylimide. The abovementioned 
compounds having substituent groups at the imide nitrogen used in the 
present invention are not limited to these example compounds. 
[0028] Specific examples of the abovementioned compounds having 

10 substituent groups on the aromatic rings include 2,7-dimethyl-l,8- 
naphthalic acid benzimidazole, 2,7-dichloro-1,8-naphthalic acid 
benzimidazole, 2,7-diethoxy-1 5 8-naphthalic acid benzimidazole and 
2,7-diphenyl-1,8-naphthalic acid benzimidazole. 
^ [0029] Furthermore, the benzanthrone compounds include those having a 

15 benzanthrone backbone and no substituent groups at the region which 
forms the bonding part on dimerization, for example, the 3- and 4-positions 
of the naphthalene rings; examples include benzanthrone, 
benzomethobenzanthrone and compounds thereof having substituent 
groups on the aromatic rings. 

20 [0030] Here, examples of the abovementioned substituent groups on the 
aromatic rings of the benzanthrone compounds include halogen atoms, 
linear alkyl groups, cyclic alkyl groups, aryl groups, arylalkyl groups, 
alkoxy groups and nitro groups, and of these, halogen atoms such as 
chlorine atoms are preferred. Examples of compounds having halogen 

25 atoms on the aromatic rings include halogenated benzanthrones such as 
chlorobenzanthrone. It should be noted that the abovementioned linear 
^ alkyl, cyclic alkyl, aryl, arylalkyl and alkoxy groups may be substituted by 

halogen atoms or the like. 

[0031] Furthermore, the acenaphthoquinoxaline compounds and 
30 acenaphthopyrazine compounds include those having an 
acenaphthoquinoxaline backbone or acenaphthoquinoline backbone and 
no substituent groups at the region which forms the bonding part during 
dimerization, for example, the 3- and 4-positions on the naphthalene 
backbone, and examples include acenaphthoquinoxaline, acenaphtho- 
35 pyrazine and compounds thereof having substituent groups on the 
aromatic rings. 

[0032] Here, examples of substituent groups on the aromatic rings of the 
abovementioned acenaphthoquinoxaline compounds and 
acenaphthaloquinoline compounds include halogen atoms, linear alkyl 
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groups, cyclic alkyl groups, aryl groups, alkylaryl groups, alkoxy groups 
and nitro groups. It should be noted that the abovementioned linear alkyl, 
cyclic alkyl, aryl, arylalkyl and alkoxy groups may be substituted by 
halogen atoms or the like. 
5 [0033] Specific examples of the abovementioned compounds having 
substituent groups on the aromatic rings include linear alkyl -substituted 
acenaphthoquinoxalines such as 1 ,6-dimethylacenaphtho[1 ,2- 
b]quinoxaline, 1 ,6-dimethyl-8-ethylacenaphtho[1 ,2-b]quinoxaline, 8-methyl- 
acenaphtho[1,2-b]quinoxaline, 9-ethylacenaphtho[1,2-b]quinoxaline, 9,10- 

10 dibutylacenaphtho[1,2-b]quinoxaline, and 1,6-dimethyl-9,10-diphenylace- 
naphtho[1,2-b]quinoxaline; halogenated acenaphtho-quinoxalines such as 
1,6-dichloroacenaphtho[1,2-b]quinoxaline, and 9,10-dichloroacenaphtho- 
[1,2-b]quinoxaline; aryl-substituted acenaphtho-quinoxalines such as 1,6- 
diphenylacenaphtho[1 ,2-b]quinoxaline and 9,10-diphenylacenaphtho[1 ,2- 

15 b]quinoxaline; linear alkyl-substituted acenaphtho-pyrazines such as 1,6- 
dimethylacenaphtho[1 ,2-b]pyrazine, 8-methy-lacenaptho[1 ,2-b]pyrazine, 8- 
ethylacenaptho[1 ,2-b]pyrazine, 8,9-dibutyl-acenaphtho[1 ,2-b]pyrazine and 
1 ,6-dimethyl-8,9-diphenylacenaphtho[1 ,2-b]pyrazine; halogenated 
acenapthopyrazines such as l,6-dichloro-acenaphtho[1,2-b]pyrazine and 

20 8,9-dichloroacenaphtho[1,2-b]pyrazine; and aryl-substituted acenaphtho- 
pyrazines such as 1,6-diphenyl-acenaphtho[1,2-b]pyrazine and 8,9- 
diphenylacenaphtho[1,2-b]pyrazine. The abovementioned compounds 
having substituent groups on the aromatic rings used in the present 
invention are not limited to these example compounds. 

25 [0034] Moreover, examples of the abovementioned anthracene compounds 
include those having an anthracene backbone and no substituent groups 
in the region which forms the bonding part on dimerization, for example, 
1,9-anthracenecarboxylic acid imide compounds, 1 ,9-anthracenecarboxylic 
acid benzimidazole compounds, aceanthraquinoxaline compounds and 

30 aceanthrapyrazine compounds which have no substituent groups at the 
region which forms the bonding part on dimerization. 
[0035] To describe these in more detail, the 1,9-naphthalimide compounds 
include those having a 1,9-anthracenecarboxylic acid imide backbone and 
no substituent groups at the region which forms the bonding part on 

35 dimerization, for example, the 4- and 10-positions on the anthracene rings; 
and the 1,9-anthracenecarboxylic acid benzimidazole compounds include 
those having a 1,9-anthracenecarboxylic acid benzimidazole backbone 
and no substituent groups at the region which forms the bonding part on 
dimerization, for example, the 4- and 10-positions on the anthracene rings; 
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and examples thereof include 1,9-anthracenecarboxylic acid imide and 
1 ,9-anthracenecarboxylic acid benzimidazole, and compounds thereof 
having substituent groups on the aromatic rings and/or imide nitrogen. 
[0036] Here, examples of the abovementioned substituent groups on the 

5 aromatic rings of the 1,9-anthracenecarboxylic acid imide compounds and 
1,9-anthracenecarboxylic acid benzimidazole compounds include halogen 
atoms, linear alkyl groups, cyclic alkyl groups, aryl groups, arylalkyl 
groups, alkoxy groups, nitro groups and the like; and examples of 
substituent groups on the imide nitrogen of 1,9-anthracenecarboxylic acid 

10 imide compounds include linear alkyl groups, cyclic alkyl groups, aryl 
groups, arylalkyl groups and the like. It should be noted that the 
abovementioned linear alkyl, cyclic alkyl, aryl, arylalkyl and alkoxy groups 
may be substituted by a halogen atom or the like. 

[0037] Specific examples of the abovementioned compounds having 

15 substituent groups on the imide nitrogen include N-linear alkyl-1 ,9- 
anthracenecarboxylic acid imides such as N-methyl-1 ,9- 
anthracenecarboxylic acid imide, N-fe/?-butyl-1,9-anthracenecarboxylic 
acid imide, N-methoxypropyl-1 ,9-anthracenecarboxylic acid imide, N- 
methyl-6,7-diethylanthracenecarboxylic acid imide and N-methyl-2,3- 

20 dichloro-anthracenecarboxylic acid imide; N-cyclic alkyl-1, 9- 
anthracenecarboxylic acid imides such as N-cyclohexyl-1,9- 
anthracenecarboxylic acid imide; N-aryl-1 ,9-anthracenecarboxylic acid 
imides such as N-phenyl-1 ,9-anthracenecarboxylic acid imide, N-(3,5- 
dimethylphenyl)-1 ,9-anthracenecarboxylic acid imide, N-(p-chlorophenyl)- 

25 1,9-anthracenecarboxylic acid imide, N-(p-methoxyphenyl)-1,9- 
anthracenecarboxylic acid imide and N-(p-phenylazophenyl)-1,9- 
anthracenecarboxylic acid imide; and N-arylalkyl-1,9-anthracenecarboxylic 
acid imides such as N-benzyl-1,9-anthracenecarboxylic acid imide. The 
abovementioned compounds having substituent groups at the imide 

30 nitrogen used in the present invention are not limited to these example 
compounds. 

[0038] Specific examples of the abovementioned compounds having 
substituent groups on the aromatic rings include 6,7-dimethyl- 
anthracenecarboxylic acid imide, 2,3-dichloroanthracenecarboxylic acid 
35 imide, 7-phenylanthracenecarboxylic acid imide and 2-ethoxyanthracene- 
carboxylic acid imide. 

[0039] Moreover, the aceanthraquinoxaline compounds and aceanthra- 
pyrazine compounds include those having an aceanthraquinoxaline 
backbone or aceanthrapyrazine backbone and no substituent groups at 
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the region which forms the bonding part on dimerization, for example, the 
5- and 6-positions of the anthracene ring; examples include aceanthra- 
quinoxaline, aceanthrapyrazine and compounds thereof having substituent 
groups on the aromatic rings. 
5 [0040] Here, examples of substituent groups on the aromatic rings of the 
abovementioned aceanthraquinoxaline compounds and aceanthrapyrazine 
compounds include halogen atoms, linear alkyl groups, cyclic alkyl groups, 
aryl groups, arylalkyl groups, alkoxy groups and nitro groups. It should be 
noted that the abovementioned linear alkyl, cyclic alkyl, aryl, arylalkyl and 
1 0 alkoxy groups may be substituted by halogen atoms or the like. 

[0041] Specific examples of the abovementioned compounds having 
substituent groups on the aromatic rings include linear alkyl -substituted 
aceanthraquinoxalines such as 1,2-dimethylaceanthra[1,2-b]quinoxaline, 
2-methyl-1 0-chloroaceanthra[1 ,2-b]quinoxaline, 1 0-methylaceanthra[1 ,2- 
15 b]quinoxaline, 11-ethylaceanthra[1,2-b]quinoxaline and 1 1,1 2-di butyl - 
aceanthra[1,2-b]quinoxaline; halogenated aceanthraquinoxalines such as 
2,3-dichloroaceanthra[1 ,2-b]quinoxaline, and 11,1 2-dichloroaceanthra[1 ,2- 
b]quinoxaline; aryl -substituted aceanthra-quinoxalines such as 2- 
phenylaceanthra[1 ,2-b]quinoxaline and 1 1 ,1 2-diphenylaceanthra[1 ,2- 
20 bjquinoxaline; linear alkyl -substituted aceanthra-pyrazines such as 1,2- 
dimethylaceanthra[1 ,2-b]pyrazine, 2-methyl-1 0-chloroaceanthra[1 ,2- 

b]pyrazine, 1 0-methylaceanthra[1 ,2-b]pyrazine, 1 0-ethylaceanthra[1 ,2- 
bjpyrazine and I0,11-dibutylaceanthra[1,2-b]pyrazine; halogenated 
aceanthrapyrazines such as 2,3-dichloroaceanthra[1,2-b]pyrazine and 
25 10,11-dichloroaceanthra[1,2-b]pyrazine; and aryl-substituted aceanthra- 
pyrazines such as 2-phenylaceanthra[1,2-b]pyrazine and 10,11- 
diphenylaceanthra[1,2-b]pyrazine, and the like. The abovementioned 
compounds having substituent groups on the aromatic rings used in the 
present invention are not limited to these example compounds. 
30 [0042] Furthermore, examples of the abovementioned anthraquinone 
compounds include those having an anthraquinone backbone and no 
substituent groups at the region which forms the bonding part on 
dimerization, for example, aminoanthraquinone compounds which have no 
substituent groups at the region which forms the bonding part on 
35 dimerization. 

[0043] Examples of the abovementioned aminoanthraquinone compounds 
include 1 -aminoanthraquinone, 2-aminoanthraquinone and compounds 
having substituent groups on the aromatic rings thereof. It should be noted 
that the region which forms the bonding part on dimerization is, for 
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example, the 2- or 4-position, preferably the 4-position, on the 
anthraquinone ring in the case of 1-anthraquinone, and the 1- or 4-, 
preferably the 1-, position on the anthraquinone ring in the case of 2- 
aminoanthraquinone. 

5 [0044] Examples of the substituent groups on the aromatic rings of the 
abovementioned aminoanthraquinone compounds include halogen atoms, 
linear alkyl groups, cyclic alkyl groups, aryl groups, aralkyl groups, alkoxy 
groups and nitro groups, and of these, halogen atoms such as chlorine 
atoms are particularly preferred. Examples where the aromatic ring has a 

10 halogen atom include halogenated amino anthraquinones such as 2- 
amino-3-chloroanthraquinones. It should be noted that the 
abovementioned linear alkyl, cyclic alkyl, aryl, arylalkyl and alkoxy groups 
may be substituted by halogen atoms or the like. 

[0045] Preferred examples of the abovementioned condensed polycyclic 
15 aromatic compounds (C) include 1,8-naphthalimide, N-linear alkyl-1,8- 
naphthalimides, N-cyclic alkyl-1,8-naphthalimides, N-aryl-1,8- 
naphthalimides, N-arylalkyl-1,8-naphthalimides, 1,8-naphthalic acid 
benzimidazole, benzanthrone, halogenated benzanthrones, 
benzomethobenzoanthrone, acenaphthoquinoxaline, linear alkyl- 
20 substituted acenaphthoquinoxalines, acenaphthopyrazine, linear alkyl- 
substituted acenaphthopyrazines, 1,9-anthracenecarboxylic acid imide, 
1 ,9-anthracenecarboxylic acid benzamidizole, aceanthraquinoxaline, 
aceanthrapyrazine, 1 -aminoanthraquinone, 2-aminoanthraquinone and 
halogenated aminoanthraquinones, and particularly preferred examples 
25 include 1,8-naphthalimide, N-linear alkyl-1,8-naphthalimides, N-cyclic 
alkyl-1 ,8-naphthalimides, N-aryl-1 ,8-naphthalimides, N-arylalkyl-1 ,8- 
naphthalimides, 1,8-naphthalic acid benzimidazole and 1,9- 
anthracenecarboxylic acid imide. 

[0046] An alkali metal hydroxide and/or alkali metal alkoxide (A) and an 
30 azabicyclo ring-containing organic base (B) are used in the present 
invention. Examples of the abovementioned alkali metal hydroxide include 
lithium hydroxide, sodium hydroxide and potassium hydroxide, and of 
these, sodium hydroxide and potassium hydroxide are preferred, and 
potassium hydroxide is particularly preferred in terms of easy dimerization 
35 even at relatively low temperatures (less than 1 90°C). 

[0047] Alkali metal alkoxide is a general term for that produced on reacting 
an alkali metal source such as an alkali metal, alkali metal hydride or alkali 
metal amide with alcohol; examples include lithium alkoxide, sodium 
alkoxide and potassium alkoxide, and of these, sodium alkoxide and 
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potassium alkoxide are preferred, and potassium alkoxide is particularly 
. preferred in terms of easy dimerization even at relatively low temperatures 
(less than 190°C). Examples include sodium ferf-butoxide, potassium 
methoxide, potassium ethoxide, potassium propoxide, potassium butoxide 
5 and potassium ferf-butoxide. 

[0048] The alkali metal hydroxides and/or alkali metal alkoxides (A) used in 
the present invention can each be used individually, or two or more can be 
used. Potassium alkoxide is preferred, and potassium ferf-butoxide is 
particularly preferred in terms of obtaining dimerized condensed polycyclic 

1 0 aromatic compounds at high purity and high yields. 

[0049] The azabicyclo ring-containing organic base (B) should be an 
organic base having an azabicyclo ring in the molecule, and of these, 
pyrimidoazepine compounds are preferred. Examples of these 
4) pyrimidoazepine compounds include those cited in Adv. Hetero. Chem., 

15 Vol. 142, p.83 (1987) and the like; examples include pyrimido- 
[1 ,2-a]azepine, pyrimido[1 ,6-a]azepine, pyrimido[4,5-b]azepine, 
pyrimido[4,5-c]azepine, pyrimido[4,5-d]azepine, pyrimido[5,4-c]azepine, 
pyrimido[5,4-b]azepine, 1,8-diazabicyclo[5,4,0]undec-7-ene, [DBU] and 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN), although they are not limited to 

20 the example compounds. Of these pyrimidoazepine compounds, bicyclic 
amidino compounds, particularly 1 ,8-diazabicyclo[5,4,0]undec-7-ene 
(DBU) and 1 ,5-diazabicyclo[4,3,0]non-5-ene (DBN), are preferred, and 
1 ,5-diazabicyclo[4,3,0]non-5-ene (DBN) is most preferred. These 
azabicyclo ring-containing organic bases may each be used individually, or 

25 two or more may be used. 
^ [0050] The preferred combinations of the abovementioned alkali metal 

"™ hydroxide and/or alkali metal alkoxide (A) and azabicyclo ring-containing 

organic base (B) are potassium ferf-butoxide with 1,8-diaza- 
bicyclo[5,4,0]undec-7-ene (DBU) and potassium ferf-butoxide with 

30 1,5-diazabicyclo[4,3,0]non-5-ene (DBN), and the potassium ferf-butoxide 
with 1,5-diazabicyclo[4,3,0]non-ene (DBN) combination is particularly 
recommended. 

[0051] The amount of the abovementioned alkali metal hydroxide and/or 
alkali metal alkoxide (A) used is usually in the range of from 0.5 to 30 mol, 
35 preferably in the range of from 1 to 20 mol, and particularly preferably in 
the range of from 2 to 12 mol per one mol of condensed polycyclic 
aromatic compound (C). 

[0052] The amount of the abovementioned azabicyclo ring-containing 
organic base (B) is usually in the range of from 0.5 to 30 mol per mol of 
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condensed polycyclic aromatic compound (C). The dimerization reaction of 
the present invention for condensed polycyclic aromatic compounds (C) 
can be performed with or without an organic solvent (excluding the 
azabicyclo ring-containing organic base (B), and the same hereinafter); 
5 and when it is performed in the presence of an organic solvent, the amount 
of azabicyclo ring-containing organic base (B) used is preferably in the 
range of from 1 to 20 mol, particularly preferably in the range of from 2 to 
5 mol and most preferably in the range of from 3 to 15 mol per mol of 
condensed polycyclic aromatic compound (C), and when it is performed 

10 without an organic solvent, the amount of azabicyclo ring-containing 
organic base (B) used is preferably in the range of from 2 to 30 mol and 
particularly preferably in the range of from 4 to 20 mol. 
[0053] Moreover, the amount of azabicyclo ring-containing organic base 
(B) used per mol of alkali metal hydroxide and/or alkali metal alkoxide (A) 

15 is usually in the range of from 0.2 to 7 mol, preferably in the range from 0.5 
to 4 mol and particularly preferably in the range from 0.5 to 2 mol. 
[0054] The dimerization reaction of the present invention for condensed 
polycyclic aromatic compounds (C) can, as described above, be performed 
with or without an organic solvent, although it is preferably performed in 

20 the presence of an organic solvent as this enables the amount of 
azabicyclo ring-containing organic base (B) used to be lowered, and 
separation of the dimerized condensed polycyclic aromatic compound after 
the completion of the reaction is easy. 

[0055] Any organic solvent which does not react with the alkali metal 
25 hydroxide and/or alkali metal alkoxide (A), the azabicyclo ring-containing 
organic base (B) or the condensed polycyclic aromatic compound (C) can 
be used as the abovementioned organic solvent; for example, amines, 
aliphatic hydrocarbons, aromatic hydrocarbons, heterocyclic aromatic 
compounds and ethers and the like can be chosen. Of these organic 
30 solvents, those with higher boiling points are preferred as they allow the 
reaction temperature to be raised and the reaction to be completed in a 
short time, and organic solvents having a boiling point of 40°C or above 
are usually used, and those having a boiling point of from 50 to 350°C are 
preferably used, although it is also possible to use low-boiling solvents, 
35 and in such cases, it is advantageous to allow the reaction to proceed 
under reduced pressure. There are no particular limitations on the amount 
of organic solvent used, although an amount in the range of from 50 to 
5000 ml per mol of condensed polycyclic aromatic compound (C) is 
recommended. 
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[0056] Of the abovementioned organic solvents, preferred amines are 
those of from 3 to 16 carbon atoms which may be substituted by linear or 
cyclic aliphatic or aromatic groups; preferred aliphatic hydrocarbons are 
cyclic or linear optionally branched aliphatic hydrocarbons of from 6 to 16 
5 carbon atoms; preferred aromatic hydrocarbons are those of from 6 to 1 1 
carbon atoms which may be substituted by linear or cyclic aliphatic 
hydrocarbon groups or aromatic groups; preferred heterocyclic aromatic 
compounds are those of from 5 to 13 carbon atoms which may be 
substituted by linear or cyclic aliphatic hydrocarbon groups or aromatic 

10 groups; and preferred ethers are optionally branched aliphatic ethers and 
aromatic ethers of from 4 to 20 carbon atoms where glymes, polyethylene 
glycols and diphenyl ethers are particularly preferred. It should be noted 
that the abovementioned linear or cyclic aliphatic hydrocarbon or aromatic 
substituents may be halogenated. 

15 [0057] Specific examples of these organic solvents include amines such as 
propylamine, hexylamine, cyclohexylamine, N-methylhexylamine, 
octylamine, hexadecylamine, aniline, 1-aminonaphthalene, 2-amino- 
naphthalene and phenylenediamine; aliphatic hydrocarbons such as 
hexane, heptane, octane, nonane, decane, undecane, dodecane, 

20 tridecane, tetradecane, pentadecane, hexadecane, cyclohexane and 
Decalin; aromatic hydrocarbons such as toluene, xylene, mesitylene, 
tetramethylbenzene, chlorobenzene, bromobenzene, naphthalene, 
1-methylnaphthalene and biphenyl; tetracyclic aromatic compounds such 
as pyridine, quinoline, isoquiholine, quinoxaline, acridine and 1,10- 

25 phenan-throline; and ethers such as propyl ether, butyl ether, hexyl ether, 
octyl ether, tetrahydrofuran, benzofuran, diphenyl ether, monoglyme, 
diglyme, triglyme, tetraglyme and polyethylene glycol. Of these, toluene, 
heptane, monoglyme, diglyme, triglyme, tetraglyme and quinoline are 
preferred, and diglyme and quinoline are most preferred. It should be 

30 noted that organic solvents which can be used in the present invention are 
not limited to these examples. Also, the organic solvents can be used 
individually, or two or more can be used. 

[0058] Any reaction temperature range can be selected for the dimerization 
reaction for condensed polycyclic aromatic compounds (C) by the 
35 dimerization method of the present invention, for example, the reaction can 
be performed at from 40 to 300°C, although industrially the range of from 
80 to 250°C is preferred, and on considering reaction time, reaction vessel 
deterioration, production safety and the like, a range of from 80 to 180°C is 
particularly recommended. The reaction time depends on the reaction 
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temperature, and as a rule it is usually in the range of from 1 to 24 hours. It 
should be noted that when the dimerization reaction is performed in the 
range of from 80 to 180°C, it is particularly preferable to use potassium 
hydroxide and/or potassium alkoxide as the alkali metal hydroxide and/or 
5 alkali metal alkoxide (A). 

[0059] Furthermore, there are no particular limitations on the order for 
introducing each starting material in the dimerization method of the present 
invention, and they may be added as one batch, although mixing alkali 
metal hydroxide and/or alkali metal alkoxide (A) and azabicyclo ring- 

10 containing organic base (B) then adding the condensed polycyclic 
aromatic compound (C) is preferred in that the amounts of alkali metal 
hydroxide and/or alkali metal alkoxide (A) and azabicyclo ring-containing 
organic base (B) used can be decreased and the reaction is completed in 
a shorter time, and of such methods, mixing the alkali metal hydroxide 

15 and/or alkali metal alkoxide (A) and the azabicyclo ring-containing organic 
base (B), then heating the system to the dimerization temperature or lower, 
for example, to from 40 to 300°C, preferably to from 80 to 180°C, then 
adding the condensed polycyclic aromatic compound (C) and allowing the 
dimerization reaction to proceed is particularly recommended. Moreover, 

20 when an organic solvent is used, the time for the addition thereof is usually 
before or at the time of the addition of the condensed polycyclic aromatic 
compound (C), and it is preferable to mix the alkali metal hydroxide and/or 
alkali metal alkoxide (A) and the azabicyclo ring-containing organic base 

(B) together before adding the condensed polycyclic aromatic compound 
25 (C). It should be noted that the condensed polycyclic aromatic compound 

(C) may also be added dispersed in or dissolved in the azabicyclo ring- 
containing organic base (B) and/or the organic solvents. 

[0060] The abovementioned dimerization reaction for condensed polycyclic 
aromatic compounds (C) may be performed in an inert gas atmosphere or 

30 in an air atmosphere. Furthermore, the inert gas may be introduced into 
the system during the dimerization reaction. Performing the dimerization 
reaction in an inert gas atmosphere, or while introducing an inert gas, is 
preferable in that the amounts of alkali metal hydroxide and/or alkali metal 
alkoxide (A) and azabicyclo ring-containing organic salt (B) used can be 

35 decreased, the reaction is completed in a short time and the yield is 
increased. 

[0061] On completion of the dimerization reaction, the system is cooled to 
room temperature, for example, then separation by filtration is performed 
and the product is washed with water and then with organic solvent and 
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then dried to yield a dimerized condensed polycyclic aromatic compound. 
It should be noted that the azabicyclo ring-containing organic base (B) and 
the organic solvent can be recovered from the filtrate obtained by filtration, 
and they can be reused, after distillation if necessary. 
5 [0062] As described above, the present invention is a method for 
dimerizing condensed polycyclic aromatic compounds (C) in a system 
comprising an alkali metal hydroxide and/or alkali metal alkoxide (A) and 
an azabicyclo ring-containing organic base (B), and this method can be 
applied to the intramolecular cyclization of aromatic compounds, for 

10 example, 4,5,9,1 0-dibenzopyrenequinone can be obtained by the 
intramolecular cyclization of 1 ,5-dibenzoylnaphthalene in a system 
comprising alkali metal hydroxide and/or alkali metal alkoxide (A) and 
azabicyclo ring-containing organic base (B). The present invention can 
also be used in intramolecular cyclization reactions involving other organic 

15 compounds, and is not limited to the intramolecular cyclization of 
compounds described here. 
[0063] 

[Working examples] The present invention is described more specifically 
below by means of working examples, but the present invention is not 

20 limited to these. It should be noted that in these examples, "%" signifies 
the yield (mol%) based on the theoretical yield for dimerized condensed 
polycyclic aromatic compound produced from the condensed polycyclic 
aromatic compound (C) starting material, unless otherwise specified. 
[0064] Working example 1 

25 30.3 g (270 mmol) of potassium ferf-butoxide, 44.71 g (360 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were 
introduced into a 200 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 170°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 17.75 g 

30 (90 mmol) of 1,8-naphthalimide were then added, and the reaction was 
allowed to proceed for 8 hours at the same temperature. Next, the reaction 
solution was cooled to room temperature, 200 ml of water were added, and 
this was agitated for 30 minutes and then filtered, then washings were 
performed twice using 200 ml of water, twice using 200 ml of acetone and 

35 then twice using 200 ml of dichloromethane, the pressure was then 
reduced (1 mmHg), and drying for 6 hours at 120°C yielded 17.39 g (yield: 
99%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0065] Working example 2 
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Working example 1 was repeated using 22.72 g (270 mmol) of potassium 
ethoxide instead of 30.3 g (270 mmol) of potassium ferf-butoxide, to yield 
11.07 g (yield: 63%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0066] Working example 3 
5 Working example 1 was repeated using 15.15 g (270 mmol) of potassium 
hydroxide instead of 30.3 g (270 mmol) of potassium ferf-butoxide, to yield 
7.91 g (yield: 45%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0067] Working example 4 

Working example 1 was repeated using 90 ml of tetraglyme instead of 
10 90 ml of diglyme, to yield 16.87 g (yield 96%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0068] Working example 5 

Working example 1 was repeated using 90 ml of quinoline instead of 90 ml 
of diglyme, to yield 17.39 g (yield: 99%)of perylene-3,4,9,10- 
15 tetracarboxylic acid diimide. 
[0069] Working example 6 

30.3 g (270 mmol) of potassium ferf-butoxide, 44.71 g (360 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of monoglyme were 
introduced into a 200 ml round-bottomed flask fitted with a stirring device 

20 and a reflux condenser, and the flask was immersed in a 130°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 17.75 g 
(90 mmol) of 1,8-naphthalimide were then added, and the reaction was 
allowed to proceed for 3 hours at the same temperature. Next, the reaction 
solution was cooled to room temperature, 200 ml of water were added, and 

25 this was agitated for 30 minutes and then filtered, then washings were 
performed twice using 200 ml of water, twice using 200 ml of acetone and 
then twice using 200 ml of dichloromethane, the pressure was then 
reduced (1 mmHg), and drying for 6 hours at 120°C yielded 13.18 g (yield: 
75%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 

30 [0070] Working example 7 

Working example 6 was repeated using 90 ml of heptane instead of 90 ml 
of monoglyme, to yield 15.46 g (yield: 88%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0071] Working example 8 

35 Working example 6 was repeated using 90 ml of toluene instead of 90 ml 
of monoglyme, to yield 14.93 g (yield: 85%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0072] Working example 9 
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Working example 6 was repeated using 90 ml of cyclohexylamine instead 
of 90 ml of monoglyme, to yield 14.93 g (yield: 85%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 

5 [0073] Working example 10 

Working example 1 was repeated except that the oil bath temperature was 
changed to 130°C, to yield 17.48 g (yield: 99%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0074] Working example 1 1 
10 Working example 1 was repeated except that the oil bath temperature was 
changed to 100°C, to yield 12.3 g (yield: 70%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0075] Working example 12 

Working example 1 was repeated except that the oil bath temperature was 
15 changed to 130°C, and the reaction time after addition of 
1,8-naphthalimide was changed to 3 hours, to yield 17.39 g (yield: 99%) of 
perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0076] Working example 13 

Working example 1 was repeated except that the reaction was allowed to 
20 proceed while introducing nitrogen into the reaction system, to yield 17.39 
g (yield: 99%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0077] Working example 14 

Working example 1 was repeated except that the reaction was allowed to 
proceed in air, to yield 16.16 g (yield: 92%) of perylene-3,4,9,10- 
25 tetracarboxylic acid diimide. 
[0078] Working example 15 

Working example 1 was repeated except that 54.8 g (360 mmol) of 
1,8-diazabicyclo[5,4,0]undec-7-ene (DBU) were used instead of 44.71 g 
(360 mmol) of 1,5-diazabicyclo[4,3,0]non-5-ene (DBN), to yield 16.52 g 
30 (yield: 94%) of perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0079] Working example 16 

Working example 1 was repeated except that the amount of diglyme used 
was changed to 50 ml, to yield 17.39 g (yield: 99%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
35 [0080] Working example 17 

Working example 1 was repeated except that the amount of diglyme used 
was changed to 200 ml, to yield 15.46 g (yield: 88%) of perylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0081] Working example 18 
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30.3 g (270 mmol) of potassium terf-butoxide, 44.71 g (360 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN), and 17.75 g (90 mmol) of 
1,8-naphthalimide and 90 ml of diglyme were introduced into a 200 ml 
round-bottomed flask fitted with a stirring device and a reflux condenser, 
5 and the flask was immersed in a 130°C oil bath and the system was 
agitated for 4 hours in a nitrogen atmosphere. Next, the reaction solution 
was cooled to room temperature, 200 ml of water were added, and this was 
agitated for 30 minutes and then filtered, then washings were performed 
twice using 200 ml of water, twice using 200 ml of acetone and then twice 
10 using 200 ml of dichloromethane, the pressure was then reduced (1 
mmHg), and drying for 6 hours at 120°C yielded 14.93 g (yield: 85%) of 
perylene-3,4,9,10-tetracarboxylic acid diimide. 
[0082] Working example 19 

30.3 g (270 mmol) of potassium ferf-butoxide, 44.71 g (360 mmol) of 

15 1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were 
introduced into a 200 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 130°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 17.75 g 
(90 mmol) of 1,8-naphthalimide were then added, and the reaction was 

20 allowed to proceed for 3 hours at the same temperature. The reaction 
solution was then cooled to room temperature and filtered, then washed 
twice using 200 ml of acetone, then the pressure was reduced (1 mmHg), 
and drying for 6 hours at 120°C yielded 17.39 g (yield: 99%) of perylene- 
3,4,9,1 0-tetracarboxylic acid diimide. 

25 [0083] Next, the filtrate and washing solutions were combined and 
condensed, then distilled under reduced pressure, and 86 ml (recovery 
rate: 95% by weight) of diglyme and 42.03 g (recovery rate: 94% by 
weight) of 1,5-diazabicyclo[4,3,0] non-5-ene (DBN) were recovered. 
[0084] 23.56 g (210 mmol) of potassium terf-butoxide, 34.77 g (280 mmol) 

30 of the recovered 1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 70 ml of the 
recovered diglyme were introduced into a 200 ml round-bottomed flask 
fitted with a stirring device and a reflux condenser, and the flask was 
immersed in a 130°C oil bath and the system was agitated for 1 hour in a 
nitrogen atmosphere. 13.8 g (70 mmol) of 1,8-naphthalimide were then 

35 added, and the reaction was allowed to proceed for 3 hours at the same 
temperature. Next, the reaction solution was cooled to room temperature, 
200 ml of water were added, and this was agitated for 30 minutes and then 
filtered, then washings were performed twice using 200 ml of water, twice 
using 200 ml of acetone and then twice using 200 ml of dichloromethane, 
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the pressure was then reduced (1 mmHg), and drying for 6 hours at 120°C 
yielded 13.39 g (yield: 98%). of perylene-3,4,9,10-tetracarboxylic acid 
diimide. 

5 [0085] Working example 20 

100.99 g (900 mmol) of potassium terf-butoxide and 59.61 g (1000 mmol) 
of 1,5-diazobicyclo[3,4,0]non-5-ene (DBN) were introduced into a 200 ml 
round-bottomed flask fitted with a stirring device and a reflux condenser, 
the flask was immersed in a 130°C oil bath and the system was agitated 

10 for 1 hour under a nitrogen atmosphere. Then, 17.75 g (90 mmol) of 
1,8-naphthalimide were added and the reaction was allowed to proceed at 
the same temperature for 3 hours. Next, the reaction solution was cooled 
to room temperature, 200 ml of water were added and the system was 
agitated for 30 minutes and then filtered and washed twice with 200 ml of 

15 water, twice with 200 ml of acetone and twice with 200 ml of 
dichloromethane, then hot-air drying for 6 hours at 120°C yielded 17.39 g 
(yield: 99%) of perylene-3,4,9,1 0-tetracarboxylic acid diimide. 
[0086] Working example 21 

60.59 g (540 mmol) of potassium ferf-butoxide, 89.42 g (270 mmol) of 1,5- 
20 diazabicyclo[4,3,0]non-5-ene (DBN) and 100 ml of diglyme were 
introduced into a 300 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 170°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 19.0 g 
(90 mmol) of N-methyl-1,8-naphthalimide were then added, and the 
25 reaction was allowed to proceed for 8 hours at the same temperature. 
Next, the reaction solution was cooled to room temperature, 200 ml of 
water were added, and this was agitated for 30 minutes and then filtered, 
then washings were performed twice using 200 ml of water, twice using 
200 ml of acetone and then twice using 200 ml of dichloromethane, the 
30 pressure was then reduced (1 mmHg), and drying for 6 hours at 120°C 
yielded 17.32 g (yield: 92%) of N,N'-dimethylperylene-3,4,9,10- 
tetracarboxylic acid diimide. 
[0087] Working example 22 

Working example 21 was repeated except that 24.6 g (90 mmol) of 
35 N-phenyl-1,8-naphthalimide were used instead of 19.0 g (90 mmol) of 
N-methyl-1,8-naphthalimide, to yield 18.31 g (yield: 75%) of 
N^'-diphenylperylene-SAgj 0-tetracarboxylic acid diimide. 
[0088] Working example 23 
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Working example 21 was repeated except that 27.3 g (90 mmol) of N-(p- 
methoxyphenyl)-1,8-naphthalimide were used instead of 19.0 g (90 mmol) 
of N-methyl-1,8-naphthalimide, to yield 21.7 g (yield: 80%) of N,N'-di(p- 
methoxyphenyl)perylene-3,4,9,10-tetracarboxylic acid diimide. 



[0089] Working example 24 

Working example 21 was repeated except that 27.12 g (90 mmol) of 
N-(3,5-dimethylphenyl)-1,8-naphthalimide were used instead of 19.0 g 
10 (90 mmol) of N-methyl-1,8-naphthalimide, to yield 23.71 g (yield: 88%) of 
N,N'-di(3,5-dimethylphenyl)perylene-3,4 1 9,10-tetracarboxylic acid diimide. 
[0090] Working example 25 

Working example 21 was repeated except that 25.86 g (90 mmol) of 
N-benzyl-1,8-naphthalimide were used instead of 19.0 g (90 mmol) of 
15 N-methyl-1,8-naphthalimide, to yield 19.77 g (yield: 77%) of 
N,N'-dibenzylperylene-3,4,9,10-tetracarboxylic acid diimide. 
[0091] Working example 26 

Working example 21 was repeated except that 25.14 g (90 mmol) of 
N-cyclohexyl-1,8-naphthalimide were used instead of 19.0 g (90 mmol) of 
20 N-methyl-1 ,8-naphthalimide, to yield 24.46 g (yield: 98%) of 
N,N'-dicyclohexylperylene-3,4,9,10-tetracarboxylic acid diimide. 
[0092] Working example 27 

3.03 g (27 mmol) of potassium ferf-butoxide, 4.47 g (36 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 9 ml of diglyme were 

25 introduced into a 50 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 150°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 3.40 g 
(9 mmol) of N-(p-phenylazophenyl)-1 ,8-naphthalimide were then added, 
and the reaction was allowed to proceed for 3 hours at the same 

30 temperature. Next, the reaction solution was cooled to room temperature, 
20 ml of water were added, and this was agitated for 30 minutes and then 
filtered, then washings were performed twice using 20 ml of water, twice 
using 20 ml of acetone and then twice using 20 ml of dichloromethane, the 
pressure was then reduced (1 mmHg), and drying for 6 hours at 120°C 

35 yielded 3.18 g (yield: 47%) of N,N'-di(p-phenylazophenyl)perylene- 
3,4,9,1 0-tetracarboxylic acid diimide. 
[0093] Working example 28 

30.3 g (270 mmol) of potassium tert-butoxide, 44.71 g (360 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were 
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introduced into a 200 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 170°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 24.33 g 
(90 mmol) of 1,8-naphthalic acid benzimidazole were then added, and the 
reaction was allowed to proceed for 8 hours at the same temperature. 
Next, the reaction solution was cooled to room temperature, 200 ml of 
water were added, and this was agitated for 30 minutes and then filtered, 
then washings were performed twice using 200 ml of water, twice using 
200 ml of acetone and then twice using 200 ml of dichloromethane, the 
pressure was then reduced (1 mmHg), and drying for 6 hours at 120°C 
yielded 22.21 g (yield: 92%) of perylene-3,4,9,10-tetracarboxyl-bis- 
benzimidazole. 
[0094] Working example 29 

30.3 g (270 mmol) of potassium ferf-butoxide, 44.71 g (360 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were 
introduced into a 200 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 130°C oil bath 
and the system was agitated for 1 hour ih a nitrogen atmosphere. 22.25 g 
(90 mmol) of 1,9-anthracenecarboxylic acid imide were then added, and 
the reaction was allowed to proceed for 3 hours at the same temperature. 
Next, the reaction solution was cooled to room temperature, 200 ml of 
water were added, and this was agitated for 30 minutes and then filtered, 
then washings were performed twice using 200 ml of water, twice using 
200 ml of acetone and then twice using 200 ml of dichloromethane, the 
pressure was then reduced (1 mmHg), and drying for 6 hours at 120°C 
yielded 20.97 g (yield: 95%) of dibenzoperylenetetracarboxylic acid 
diimide. 

[0095] Working example 30 

60.59 g (540 mmol) of potassium terf-butoxide, 89.42 g (270 mmol) of 1,5- 
diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were introduced 
into a 500 ml round-bottomed flask fitted with a stirring device and a reflux 
condenser, and the flask was immersed in a 170°C oil bath and the system 
was agitated for 1 hour in a nitrogen atmosphere. 22.89 g (90 mmol) of 
acenaphtho[1,2-b]quinoxaline were then added, and the reaction was 
allowed to proceed for 8 hours at the same temperature. Next, the reaction 
solution was cooled to room temperature, 200 ml of water were added, and 
this was agitated for 30 minutes and then filtered, then washings were 
performed twice using 200 ml of water, twice using 200 ml of acetone and 
then twice using 200 ml of dichloromethane, the pressure was then 
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reduced (1 mmHg), and drying for 6 hours at 120°C yielded 15.89 g (yield: 
70%) of di(cyclopenta[b]quinoxalino)[1 ,2,3-cd,1 , ,2 , ,3 , -lm]perylene. 
[0096] Working example 31 

Working example 30 was repeated except that 27.39 g (90 mmol) of 
5 aceanthro[1,2-b]quinoxaline were used instead of 22.98 g (90 mmol) of 
acenaphtho[1,2-b]quinoxaline, to yield 20.4 g (yield: 75%) of 
di(cyclopenta[b]quinoxalino)dibenzoperylene. 
[0097] Working example 32 

Working example 31 was repeated except that 25.06 g (90 mmol) of 
10 9,10-dimethylacenaphtho[1,2-b]quinoxaline were used instead of 22.89 g 
(90 mmol) of acenaphtho[1,2-b]quinoxaline, to yield 16.66 g (yield: 67%) of 
di(cyclopenta[b]-9,10-dimethylquinoxaline)perylene. 
[0098] Working example 33 

Working example 30 was repeated except that 18.38 g (90 mmol) of 
15 acenaphtho[1,2-b]pyrazine were used instead of 22.89 g (90 mmol) of 
acenaphtho[1,2-b]quinoxaline, to yield 13.16 g (yield: 73%) of 
di(cyclopenta[b]pyrazino)perylene. 
[0099] Working example 34 

Working example 30 was repeated except that 23.60 g (90 mmol) of 
20 8,9-diethylacenaphtho[1,2-b]pyrazine were used instead of 22.89 g 
(90 mmol) of acenaphtho[1,2-b]quinoxaline to yield 16.50 g (yield: 71%) of 
di(cyclopenta[b]-8,9-dimethylpyrazino)perylene. 
[01 00] Working example 35 

Working example 30 was repeated except that 20.72 g (90 mmol) of 
25 benzanthrone were used instead of 22.89 g (90 mmol) of anthra[1,2- 
b]quinoxaline, to yield 19.93 g (yield: 97%) of isoviolanthrone. 
[0101] Working example 36 

Working example 30 was repeated except that 23.82 g (90 mmol) of 
chlorobenzanthrone were used instead of 22.89 g (90 mmol) of 
30 acenaphtho[1,2-b]quinoxaline, and the reaction was allowed to proceed for 
6 hours, to yield 22.63 g (yield: 95%) of dichloroisoviolanthrone. 
[0102] Working example 37 

Working example 30 was repeated except that 25.23 g (90 mmol) of 
benzomethobenzanthrone were used instead of 22.89 g (90 mmol) of 
35 anthra[1,2-b]quinoxaline, to yield 24.55 g (yield: 98%) of 6,7,8,9- 
dibenzoisoviolanthrone. 
[0103] Working example 38 

90.89 g (810 mmol) of potassium terf-butoxide, 134.13 g (1080 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were 
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introduced into a 500 ml round-bottomed flask fitted with a stirring device 
and a reflux condenser, and the flask was immersed in a 170°C oil bath 
and the system was agitated for 1 hour in a nitrogen atmosphere. 20.09 g 
(90 mmol) of 2-aminoanthraquinone were then added, and the reaction 
5 was allowed to proceed for 8 hours at the same temperature. Next, the 
reaction solution was cooled to room temperature, 200 ml of water were 
added, and this was agitated for 30 minutes and then filtered, then 
washings were performed twice using 200 ml of water, twice using 200 ml 
of acetone and then twice using 200 ml of dichloromethane, the pressure 
10 was then reduced (1 mmHg), and drying for 6 hours at 120°C yielded 
19.91 g (yield: 98%) of dianthraquinone-N.N'-dihydrazine. 
[01 04] Working example 39 

7.78 g (81 mmol) of sodium terf-butoxide and 13.41 g (108 mmol) of 1,5- 
diazabicyclo[4,3,0]non-5-ene (DBN) were introduced into a 50 ml round- 

15 bottomed flask fitted with a stirring device and a reflux condenser, and the 
flask was immersed in a 230°C oil bath and the system was agitated for 1 
hour in a nitrogen atmosphere. 2.01 g (9 mmol) of 2-aminoanthraquinone 
were then added, and the reaction was allowed to proceed for 3 hours at 
the same temperature. Next, the reaction solution was cooled to room 

20 temperature, 20 ml of water were added, and this was agitated for 30 
minutes and then filtered, then washings were performed twice using 20 ml 
of water, twice using 20 ml of acetone and then twice using 20 ml of 
dichloromethane, the pressure was then reduced (1 mmHg), and drying for 
6 hours at 120°C yielded 0.91 g (yield: 45%) of dianthraquinone-N.N'- 

25 di hydrazine. 

[0105] Working example 40 

9.09 g (81 mmol) of potassium ferf-butoxide, 13.41 g (108 mmol) of 1,5- 
diazabicyclo[4,3,0]non-5-ene (DBN) and 9 ml of diglyme were introduced 
into a 50 ml round-bottomed flask fitted with a stirring device and a reflux 

30 condenser, and the flask was immersed in a 170°C oil bath and the system 
was agitated for 1 hour in a nitrogen atmosphere. 2.32 g (9 mmol) of 2- 
amino-3-chloroanthraquinone were then added, and the reaction was 
allowed to proceed for 8 hours at the same temperature. Next, the reaction 
solution was cooled to room temperature, 20 ml of water were added, and 

35 this was agitated for 30 minutes and then filtered, then washings were 
performed twice using 20 ml of water, twice using 20 ml of acetone and 
then twice using 20 ml of dichloromethane, the pressure was then reduced 
(1 mmHg), and drying for 6 hours at 120°C yielded 2.27 g (yield: 98%) of 
3,3'-dichlordianthraquinone-N,N'-dihydrazine. 
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[0106] Working example 41 

9.09 g (81 mmol) of potassium ferf-butoxide and 13.41 g (108 mmol) of 
1,5-diazabicyclo[4,3,0]non-5-ene (DBN) were introduced into a 50 ml 
round-bottomed flask fitted with a stirring device and a reflux condenser, 
5 and the flask was immersed in a 200°C oil bath and the system was 
agitated for 1 hour in a nitrogen atmosphere. 2.32 g (9 mmol) of 2-amino- 
3-chloroanthraquinone were then added, and the reaction was allowed to 
proceed for 3 hours at the same temperature. Next, the reaction solution 
was cooled to room temperature, 20 ml of water were added, and this was 

10 agitated for 30 minutes and then filtered, then washings were performed 
twice using 20 ml of water, twice using 20 ml of acetone and then twice 
using 20 ml of dichloromethane, the pressure was then reduced (1 mmHg), 
and drying for 6 hours at 120°C yielded 2.22 g (yield: 95%) of 3,3'- 
dichlorodianthraquinone-N,N'-dihydrazine. 

15 [0107] Working example 42 

30.3 g (270 mmol) of potassium ferf-butoxide, 44.71 g (360 mmol) of 1 ,5- 
diazabicyclo[4,3,0]non-5-ene (DBN) and 90 ml of diglyme were introduced 
into a 200 ml round-bottomed flask fitted with a stirring device and a reflux 
condenser, and the flask was immersed in a 130°C oil bath and the system 

20 was agitated for 1 hour in a nitrogen atmosphere. 20.09 g (90 mmol) of 
1-aminoanthraquinone were then added, and the reaction was allowed to 
proceed for 8 hours at the same temperature. Next, the reaction solution 
was cooled to room temperature, 200 ml of water were added, and this was 
agitated for 30 minutes and then filtered, then washings were performed 

25 twice using 200 ml of water, twice using 200 ml of acetone and then twice 
using 200 ml of dichloromethane, the pressure was then reduced (1 
mmHg), and drying for 6 hours at 120°C yielded 13 g (yield: 65%) of 4,4'- 
diamino-1 ,1 '-dianthraquinonyl. 
[0108] 

30 [Advantages of the invention] The dimerization method of the present 
invention allows the production of dimerized condensed polycyclic 
aromatic compounds from condensed polycyclic aromatic compounds (C) 
at good yields directly in one stage without proceeding via the leuco form, 
and the production method is excellent industrially in that the production 

35 operations are highly safe, it is relatively easy to allow the reaction to 
proceed continuously, and the organic solvent and the azobicyclo ring- 
containing organic base (B) used in the reaction can be recovered and 
used again. 
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[0003]^'Juy-3, 4, 9, 10-fh7*;V 
iKyg^ 5 Ktt, 51*1 . 8— *-7*;HM 5 HSrT 

y «M5u&k: «t "9 * -y y y y ^ («# ) 

(^^3-2 23 28 2-f-^lg) . 

[0004] 4^:, N-s^-^ywy-3, 4,9, 

f^'Jpy-3, 4. 9, 10-f h7*/hf>-iy 
4 5 FfcBffirCSMHBU »4>*i4'<y V-y- 3.4, 
9, 1 0--rh9*;PsKyK*l?|cW*l»TSyfcil»& 
Stf&wttcJ; 9S!B££ft-CV>& CT. Makifflk B 
ul 1. Chem. Soc. Jpn. , ^2 7^, p6 

02 (1954) ] . 

[00 0 5] ^yi/>-3, 4, 9, 10— 
,-Kdr^-b*X-^>X-f S.rY-Mt. ±.§ZV>£ olZ 
4. 9, 10-fb7^*> 
g?->M $ K£«SBrCSWWBU ^^tl^^y UV- 3 , 
4, 9, 1 0— f h7fi)VT$>m&7tfto*o-7*—V 

y y r s y t $ it h z. t iz x 0 w& £ ti x v * & 

CT. Makif, Bui 1. Chem. Soc. Jp 
n. , g2 5t, P41 1 ( 1952) ). 

[0 0 0 6] i? (v-^o^y^df.ydf-9-yy) ^.yi^y 

fcL 7*^7h*y*iryy£T;U;&ySIKRJEfc:J:9 

migft^-&^k(C«fcDSSit$ft-0>& CW. B r a d 1 
eyflfe. J. Chem. Soc. , P 4436 (1 95 



4)3. 

[0 007] -fytf^ybny-ti, 'O-ir'y bD>-£ 
>\ufy\t U ICMt b 'J kizX 

•^S^tCJ: 0Mit$ixTV^|> (H. Zol 1 inge 
r. Color Chemistry, p 2 2 3 (19 
91)3. 

[0 00 8] iST>h7*S>-N, N ' -xtKnT 

y^ii. 2-r^yT>'F^y>'SrT;^y^itsjs 

10 £J; 0# y r y y^ #*>*t*:o4 3 

^SMK-fb-rSCk^iO^it^^T^-S. CW. Br 
adleyl, J. Chem. Soc. , p2129 
(1951) 3 . 

[0009] 4, 4' - y'r 5 y - 1 , 1' -y7>b 

;w*y-ft;Lfcf£. *77>jy/ (fft^) 

i,i' -y7yf7^y- /Mfc^x/i^y-ftS-frS 

£4:fc:J:9.«3t$*VtV*S CH. Gartner. J. 
Oil Colour Chemists Asso 
20 c. ,S4 63£, p 1 3 ( 1 9 6 3) 3 . 
[00 10] 

y-3. 4, 9, 1 0-7-hUj)VT$>m>^ $ h'CDjg 
0) 1 , 8 -T^ y-^SK 5 FSr^S ( 1 9 
0—3 0 0*0 T-7/P#y^T£«^$-£Sfc#>. » 

r;p*y»»Tfe:**aaiPL*j-«uf*i9-r. *ss 

^v«^R&±^i?3t±O^BgtcigS^*>S. <3)1 , 8 
30 — *7*yMBM $l<S:*77ijy/ (*&£■> 

[0 0 1 1 ] N-^-^yi-y-3, 4,9, 

1 0-f h7^yiy-f S K^'Jl/y-3, 4, 
9 , 1 0 - t- V 7*j)VX* >-JU- fc'X -<> 5 

40 [00 1 2] IBJ^tC^ (y^n^m/^t^) 

^.y uy^yr^h^^y >-n , n' -ytFory 
y^i8e*&ec*j^-cfc. ±ts^y uy-3, 4, 9, 

1 0 -fh7^^1y-f s KW«Be*tfetHai^)r 

)v* vmffl&zm^xwmztix^&tztb. ±ieo>. 

[0013] mz. -i yh'^vhoyft ^y-r>h 

mtk3fmzmx. &tz*. a - -yrsy-i, 
50 1- -y'7yf7^y-;Hi, l-rsyryh^y 



5 

[00 14] 

WMl&VgXHmXK. 1, 8— t^^SM" 
9, i o-fh7*Myi^ 5 h-£§gsre£. Hit 

8-t7^H^fSK, 1, 8— 1-y-?)Vm^>X4 }i 
^V-;K 1, 9-ryh7ty^fyl^SHfS: 

, 4, 9, 10 

-fh7*/^ygSy^ 5 h\ vy- 3 . 4, 9, 
1 O-xh^^^v-yp-fc'x-^^XW SrV— 

[ o o 1 5 ) mz. #?|B#&^(i. ©_hie®iet8co~* 

h9^7>\ 7-fet7fJf/Jft»jy, 7tt7hf7 

_a-ft^ti5i^(cjiifflT'g= s ttJS-r&^'Tyh^yy' 

-N, N ' -y'tHuTyX 4. 4' -y7S7- 
l.l' -y'7yh7^y-;k i>' (i^yn^y^y 

[ 0 0 1 6 ] SP*>, *»»Jjtt, ( i ) TAf fj >J&jgtf) 7 J< 

riff^^naisr^rr&^rflWMi <b> k#«jB$ 
a-narffi. ( 2 ) To-* v temcvTmitymxis/xiz 

T)Vt)VM<r)T)V^5:isY (A) t>K *Btfbfr l> *7i* 
&£tf/Xii#\)VJ»Tfr3*i'\iT*>i>±R ( 1 ) 15 

Aittm. < 3 ) t/ut? y ^^)*Bs-(h!fefe «t if 

/X»±Ty^'J^HOT;P3#^H (A) *\ JjV*7J± 

<4) t>u$ v&m^TktMm&xv/xuTfls* v& 

m<r>T}\s^*isV (A) *iJW-te rt-/N 



(4) #1^9-194746 
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^KT£>&_tiB ( 1 ) K»<0ZJMfcS«u 
[0017] ( 5 ) r^b'v-^a^Sr^^^igS 
( B ) b>J == KT-fe'b-^C^rC'fcSJJe 
(1). (2). (3) Xl± (4) IBBiO-JI-fb^. 

( 6 > rifbVj7o«*qrr&*«!aas < b > zg? 

y^»fl:^Hrc**±iE ( 1 ) , ( 2 ) , ( 3 ) 
Xli (4 ) iEKOZg-ffc?ji£, ( 7 ) Tlf b'S^oSHfc 
Wi-^WSJSS ( B ) t>K 1. 8-:xT1fb'^yo 
[5, 4, 0] -7-^>'7 f -b> (DBU) fcil/yX 
10 tel. 5 -S/'TIf b'v?D [4, 3, 0] -5-y*y 
(DBN) T*SJJE (1) , (2), <3>Xtt 

[0018] ( 8 ) miz&mj&TmmzMt&m < c ) 1 

^MzMLX. T>\s*V&m<r)7m.imi5£V/X\iT 
)\sXV±m,<7>T)Vz}*i/\i (A) 0. 5~3 0^Pi;r 
W^nSB^^fS^maas (B) 0. 5—3 O^P 

*im-t&±Mi ( i > — ( 7 ) ov^-rtt^iotcieKo 

Z&^Sl (9) T^U^SOTK^-fL^ib'itX/X 

{ir^u^JK^r^a^^H (a) l^wcjtur. 

20 Tlfb'^^aaiSr^rrs^rWBX (B) 0. 2~7^/P 

&&m-tz>±$?. ( 8 > is»o-*^^. ( i o ) af£ 
Tyhy^ymt^Xitryhy^/y^Vc^mxh 

&±E ( 1 ) — ( 9 ) cDO-m* 1 1 ofclE«<7)Z*-fk^- 
a. (11) ffi^tl^SB^fc^to (C ) # % 1 , 
8-:>-7y/WgH $ Ymt&b. 1. 8— ^7^H8^. 

T*i-7h*s*-*>jym:&fa. 7-fet7he7i/V 

^L^, 1. 9-T>h7-b>-*;PdOig-f S K^-ft 
30 i, 9-7yb7-fey^;i/*>l^yX'f 

-/pawk^ft. 7t7>h7^y^t i ;yMm t 
*Tyh?t'?i;y%it'0t%xiZT$iSTyh ; 7*sy 

mt^iXhh±Ml ( 1 ) — ( 9 ) cov^-TfL^l o£fE 

[0019] (i2) m&^m^wmmikizVi} <c > 

l. 8-7"y^^B?-f $ h\ N-««r^Wr;w- 

1, 8— h7^;Hft-f N-^KT/Udf^-l , 8 

—1"7?/l'WM S N-T'J— 8-7^7^ 
5 h\ N-r D-;P7*/W^- 1 , 8-^7^;^ 
40 'fSH, 1, 8-t7^H<yX>f ;^/-;k 
f>hny N ^uyyit^y-fy huy^ Kyy^y^ 
y-fyhuy^ T-^i-yh^y^-vvy. mikT)V*)V 
wmr^i-yh^y^-vvy. r^yv^y^y. m 

tt7/Wti7-fet7Nt7y'y, 1. 9-Tyhy 

■^y^/u^ym-f $ b\ l, 9-7yh7ty^#;y 
K^yx-r arv— 7-b7yh5^/^t'jy, r 
■fe7>h7t7yX i-7$y7yf-7^/y, 2- 
7$y7yh7 J fyyxijAD7 : yfh7$y7yh7^ 
y yxhhiii ( i ) — ( 9) ovvrfi^i-pKie^co 
50 -ft-fk^s. 
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[0020] d3) *mmm#r!ifa$>m#&&m& 

{t&fa (C) SrZAfES-friJJE (1)^(12)W» 

m*» i ofcgEtt<orjHfcfrik (14) mu 1 , 
»jS4 ox:^«*««arc*4±ie < i 3 ) seiw>- 

mt-ftW:, (15) «ffiSHE«< % IA4 0-CKUbT, 

i »xhow«ij89rc»s±E (i3) late^^s 

r (16) &mm&. y^nMy;Pr* >\ 

+<79>. WKO, *rSV>^ t//7'fA, 

Mftth lmxt^^mmm-hhiMz ( 1 3 ) §m 

[0021] (i7) T^mtfxnm^TT'M&^m^ 
^mmmt&m < c ) * -mt^^isd. ( i ) ~ ( i 
6 ) <r> v vrft#> i otiE^cTjra-ft:^. (i 8)t^ 
^m^mmk-it^m ( c ) £4 o~3 o o-coiagT- 
ri-fL$-e&_tfe ( i ) ~ ( i 7 ) wrtnn^tzsz 
«^zi«. (i9) m&&m&^mmMfc&k 

( C ) £ 8 0—2 5 0°C<r>i&mX*—mtZ-$2>±M?. 
( 1 ) ~ ( 1 7 ) <owfih.a» l -oKfem^-i-fLsfrSL 
[0022] (20) 7VW# y ^«07fc^^*5 <£ 1>V 

XJiT^y^JR^T^rj^vK (A) Tlftf^? 

n^^f^a^S (B) i:£ig^L*:3L 

.sS^sflaMfc^ft (c) ^^jjpLTza-fk^-^^iie 
( i ) - ( 1 9 ) ^-nxfrinzsmn-m.ikxm. 

(21) T/Mr >J &jtt)*i£fc«g« XV/XlZTJl-X U 
^JHeDTV^^K (A) fc, Tifb-^^oJgS-WTI. 
«1fttt£ (B) fc£rS£-Ufc«L JPf&U tf^-ess-g-^ 

ab^fsaawb^fti <o *saiiL , cr*fl;3-ii-*±je 
( i ) ~ ( 1 9 ) otvma* lotuwmtstt. 
*j iif (22) ffi^g&&?#R&n:&tt < c > or* 

*3?«Ji5Mfc£ft£»S.hie ( 1 ) ~ ( 2 1 ) c/H^ffi 
[00 2 3] 

imtcommcommi vtf. *mizmfflizmw-t&. 
*wnxm v > h m^m^mwkmt-swi (o t lx 

[00 24] ±le7"-7^^^-ft^fti: LTti. 7"7;? 

i^iM&fctfu rj^^tis^fc 




(5) W9-1 94746 
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[0 02 5] i<x^S:5efc:S«ffltfttW-*t. 1, 8- 
T^^/Uig-fSF^fcimfcLTti. 1. 8-^-7^/1/ 

MHii-y^u >m<o 4 ftfc i V 5 ftlz W&a<o3:v Mb 
^ftW. ±jfcl. 8-^7?;Hg<yx^ 
^-fbo-fti: LT<i. 1. 8-f7^/Ht^yX^ S^/ 

«i-e , stol»74>*u Witfi. 8-7^7^;PBH 
10 5h\ l, 8-^7^1^^ JElzZ 

[002 6] iit. ±l£l , 8-t7^m-(S^ 
fc-Sma i V l , 8-^-7 ^;Hg<>x^ s ^V-;^ 

#tf^n. *^1. 8-7^-7^;^^ S YJMteSQM 
20 ^T^;P». 7'J-;H, 7'J-^7MA« 

a. ^n7>m?wfx'wmztix^xi>j:u. 
[0027] ±te-f $ Ymmizwwkm*3r?&itism<7> 

MfoMtLXi*. N-^^/P-l, 8-7^7^;Ug?^$ 
h\ N-tert-7f^-l, 8— 7"7^;l^g?-f$ 
h\ N-^< h^-^abVt^- 1 , 8-1-7 7 /l-MJ S 
K s N-^^-2, 7-^f-;P-l. 8-^-7^;l^ 
St'f S h\ N-jt^-H — 2, 7-y?DD- 1 , 8-7- 

1, 8-t7^H-f?K, N-p<^-2, 7-^'7 
x-;U- 1 , 8-7-7^;l^g§^ 5 b'^N-MttT/U^ 

1 , 8— ^7^;MR-f 5 H^<0N -mtitT)V*t)\s- 1 , 
8-t7^H-f$K, N-7x-;U- 1 , 8-7^7^ 

N- (3, 5-^f;P7x-;i/)-i, 

8-t7^H^$b\ N — (p-^DD7i-;W - 
1, 8— J F7-?)VW.4 5 N — ( P -^h^>7x- 
;P) -1, 8-t7^WSK, N— ( P -7x^ 
40 7/7i-^) - 1 . 8-1~7?!Vm-< 5 K^CON-T 
V-JU- 1 , 8-7^7^;^^ 5 K, N-<>>-';P- 
1 , 8—7-7^;^^ S Hf^N-r'J-^m/l/- 
1 , 8-7^7^^-f $ h*3S##Jf fiU 

[0028] 55jc. ±te3#mmtzwtom : fr&t&it-& 
mwMtemt Lxit. 2, i-~j^)v- \ , 8—7-7 

?^yX^f$/y-;k 2, 7-^'^dd-i. 8 
-t7^l/g|^yX^ */y'-;k 2, 7-^XhJfS/ 
50 -1, 8-t7 ^yH^>x-f 5 ^V-;u. 2 , 7 - y 
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y l, 8-i-y ftUMOXJ 5 -fV-)Vmifi 

[00 2 9] Ky^ybvy&lt&fatLXtt. 

^Mt&mtfmfhti. miLiz^y-fyhvy. ^y 
v ^y*fy v n y „ miz Zii^JrmmizWWim 

* [00 3 0] ilt. ±I5<^>- 1- n ymt^<^% 

%frx't»wmm^mw^?ywL=f-*m±i,^. 7?#& 

miz;\vyym=F£tt&i>cr>tLXli. Mz.l$?vv 

^yyybvymw^-yy-it^yfyhvytfmft* 

[ o o 3 i ] miz^ r*i-y ymt^a 
£VT-ti*y hv?isym<tismtLxte. 7tt7h 

u -mmmzm^Uh^hu®.. mnn-y?uy 

3 &*J ck #4 ft^BJ&ScOSrl vftS^^f A, 

y. mizztit? co^mm izmmm £ *r*- & itsm^tf 
[0 0 3 2] zzx\ ±MZT-ti-y y&it 

GMteZlFT-ti-y h Vy^yj&ltizmcojr&mmiz^ 
SftTwctiu. 

[00333 ±M^mkmzw$m*tthit-&m<r)M : 

fWHfcLTfcL l. 6-iS*j->i>7-t7~yh C l , 2- 

b] *y3^-'7>\ 1, b-=J^^)V-S-^)VT-^ 

t7h [i, 2-b] */*y-vy. s-ft)VT*i~ 

7h[l, 2-b]JfyJft'jy, 9-x^-;ur^r-7-7 
Ml. 2-b]^t'J^ 9, io-^'f-;ur 
*t7h[l, 2-b] y*-? 'J l, 
/U-9. 1 0-y'7x^W7b [ 1 , 2-b]=3f 

y*try y^c^ig^r/^/^M^T-fe^y h^-y^tr y 

>\ 1, 6-y?OD^7-kt7f'[l, 2-b]^y* 
^ftyy^ 9, 1 0-y';oD7W h C 1 , 2- 
b] df-ydftf UV^O^D^-ftT-fe-f 7h^WJ 
y. 1, 6-y7x-;P7-fet7b [1, 2-b]^y 
^t'jy. 9, 10-y7x-mt7h [1, 2- 

b] *;*-?vymv>7V-Ji'mmT±7-yh*s*-*r 

Vy. 1. 6-2*Xf7UT4r*-7h [1. 2-b] 




(6) Hi¥9-1 94746 

1 0 

8-p<f-;WT-b:^7h [1, 2-b] tr^^>. 

8 - ^)V7-^i-y h [1, 2-b] b*9^>\ 8, 9 
-^f-yur-fe-T-^b [1. 2-b] VyzSy^ 1. 6 
-^f;P-8, 9->'7x-;P7tt7h [1,2- 

V. 1. 6-y7oD7tt7b 2-b] t7y 
>\ 8, 9-y7nn7*77h [1, 2-b] t7y 
y^0^a^^T-fe->-7'ht°7^>. 1, 6-y'7x 
^/UTb^7 h [ 1 , 2 - b ] tf?5»\ 8 , 9 -2^7 

io *—;i<T-t1~yh [l. 2-b] e^WOTU— ^ 

[0034] -77. iMryv^^ymt^'mt lt 
a. ryhy^ywm^L. -mitcomzmisut+c 
h awaewnaifc^rs =srv wamtrmf &ft . 

i , 9 -Ty v 7*y*rj\s#ym4 5 H^fb-^j. 1 , 

9 - 7> b 5-«r y^yx^f 5 *y-*aMk^ 

20 b"7^>^b^l^T-S.->T. -i-fbOl^t^^Pi:^ 

[0035] ztit, zmizmmtzwrn-z t. 1 , 9 - 

7> h ^;w*>K-f 5 H^-fb-^jfc lt«. 1 . 
9-7yh j*y*)V#y&4 $ F#fg£* L. -*-fb 

&£ViomzWM&<7)%\Mt-&®mi> i . afci, 9- 

LTJi. 1, 9-7yh7-ty*;i'!Kyi^yx-<$^ 

30 i.<f7yh7-feyS(7)4fifcj:^i oficiii^u 
^•^J^* J s *ti*tUWf e?ti » ^iji.«l, 9-T^h 

1. 9-rvh7b>^;^if 
yi^yX'fS/y-^K M^iix^^TT^^J:^ 

[0 03 6] JJBi. 9-ryhv-byytjfu^ 
ym-i s b'^-fk^feiixi . 9-7yb7*y*w 

S^T^;i^. TU-yuS. 7'J-;i'7;K;H< T 
40 >V?*^m. -hnl^Wttl, *^1, 9-T> 

hy-tyijivtfymJ 5 b'^fb-^^-< 5 HM^tcqrr 

%.=mTm.mztix^xb^\ 
[0037] jbie-f $ vmmizwmmztt zither, 

LTti. N-^f;l/-l, 9-7yh7*y* 
}U#yWM 5 N-tert - y^-jU- 1 , 9 -T> 
50 h7-by*^yl-< N-^ h^^rabVl-- 




(7) 

1 1 

6, 7 -y'xf ;l^7y h7ty*/^yS^ S K. N- 

K^NHBRTH^U-l . 9-7yb7*y*^ 
yS-f S N-i/^CKv^ri/Zl— 1 , 9-7yh5t 
Vtf/UtfygH S F^N-WRT^/l"- 1 , 9-7?- 

yh7-by*MCyi^fiF, n-7x^-i, 9- 
7yh7ty*M;yS^ $ h\ n- (3, s-'Jxi- 
" /i^7x-;M -l . 9-7yh7-fey^/^yi'f 5 

K.N - (p-^DD7x-^) - 1 . 9-T>h7-t 10 
' y^yi-fiK N— (p-^Ky?!-^) - 
1. 9-T^h^-b>;^tf>Bg-f $ b\ N- (p-7 
i-;l/7V7x-;l-) - 1 . 9-TVYv J ^yf})VifsV 

l-f$Hf^N-7 l J-;i'-i, g-ry-h^-fev^^ 
tfymJs.F. N-^yjju- i . 9-r>-h7-fe>-^ 

rt^vSH $ h*^N-T'J-^r;W^r/U~ 1 , 9 — T 

[ o o 3 8 ] w=s ±ia7f#j^cfi&«£*rr&<fb£ 20 

LTti:. 6, 7-y7f^7yh7*y* 
/MfygKSK 2, 3-y7Da7yh7-fey*^ 

7 - 7 x-^7y h 7-byA/i/t'yS-f s 

K 2-xh=ify7yh7-fey^!)5yl-f;Kf!!i* 

[0039] ifc, T^Tyh^^s^-v-vy&it&m 

yh7^/^t , jy|'lS35SvMi7-t7yh7e7yy 
#*&£*-u -a,<itc7)mizm-&ub%h&{}L. must 
yby^ym^s&tixx/emzm^^^^t^^ 30 

h7t7yy. 3g.izzti(><7)3?mmmizwipimtt-$-z> 

[0040] ±mT*Tyh7*s**rvy%k 
it-smn ^x/T^ry h y^y^ymt^mcoyrmmm 

U-Jt-Tf^J^m. 7;l/3^yl(i, /NDfyUfft 40 

[0041] ilfiTTS^^ffi^S^^S^-^ICDa 
ttMfcLTWu 1. 2-iS*+A'T*Tyh5 C 1 . 2 
-b] ^/^'J >\ 2-^f^-10-?OD7t7 

yh? [i, 2-b]^myy. io-^7t 
ryhvCi, 2-b]*y*-9-y^ n-xf-zur 

*7y^7[l, 2-b] ^y-^'JV. 11, 12- 
•>'7'f^7-fe7yh7 C 1 . 2 - b ] ^/^f-f 'J >"^> 

ig^ry^/uffimr-feT^h^^y^-y-'jy. 2, 3- 

^Dn7-fe7yh7[l, 2-b] ^y^if'J:^ 1 50 




*Hfrp9- 1 94 74 6 

1 2 

1, 12-y^Dn7-fe7yh7 [1, 2-b]^y^f 

vvy^w\uyyikT*Tyv=7*;**rvy. 2- 

7x-^7-fe7yb7 [1, 2-b]^f/^t'Jy, 1 
1. 12-y7x-^7yb7[l, 2-b]^-y 

u y^or »j -/ws&r-fer y K^/^t'jy, 

1. 2-^^-;Wr-feTVh7 [ 1. 2-b]t7y 

2-^f;i/-io-?nn7t7yf7 [1.2- 
b] \zyvy^ io-^w-t:7yb7 [1.2- 

b] \Zy=Jy. 1 0-xf-;UT-feT>-h5 •[ 1 . 2- 

b] tr^v'y, io, n-^f^^yh? 
[i, 2-b] \zy~sym<n>mo'iv*)VW$kT*LTy 

hyVy~Jy. 2. 3-y7DC7-b7yb7[l, 2 

-b] t7^y, io, n-y?DD7-fe7yh7 
[1, 2-b] tr^^^^Nayy-fbT-feryh^t 0 

^'y. 2-7x-;P7-b7yh7[l, 2-b]t^9 
=Jy, 10, H-y'7x-;l/7-fe7yb7 [1, 2- 
b] t7^>'#cOT , J-;H^T-feryh7tr^v : >'^r 

if3swfit.n*. fiu ^mnx-m^his^^m^zm. 
m&^^thit-^M. zzizm^w-tt&mizmfezti 

[0042] st. ±.UTyb7*sy2Mk-&mtvx 
t±. Tyvy^yy-wtettL. r.m.ik<r>mz%&&t 
K^mzmmmttttx^tismm-ftzix. mm 
T$STyh7*yymtis%!iX'$>~?x, zAteemtz 

[0043] ±MT^JTyb7*yy?Mt-&fah\^X 

muii-T^yryVy^yy, 2-TSsry 
h?*;y. mzztiL><7)3?mmmizwM&z?rt2>ik 
t&mtfhh. -s.it<Dmizm-&ub*&mi3LbL 
i-75y7yf7^/yxit muxryvy 

^y^S0 2{iX{44{4. *f£L<<44<iL 2-75/ 

ryh^^yyX'H. mx.iiTyhy*yym(?)i&3. 
[0044] ±i£7$/r:xh7*/y^b£i^<97i : # 

iz/suyymttitr&itObLxit, h*.«2-t$ 
y-3-^an7yh7 J fyyf(7)^oyyft75y7 

>ua*i/mi±, ^uiry^mx-mm^ixx^^xiiX 
w 

[0045] iMffiit&m&Tf&mmt&to ( c > 

^T't. 1 , 8-7^7 ?;I4JM 5 K s N-attr/w^ 
-1, 8-t7^;H^SK, N-H«T^^f/l^- 1 , 
8-t7?;Hg^SH. N-T'J-^-1, 8-7"y^ 




1 3 

®K 5 1 . Q-1-7?)\sW^>X4 S^V— /K < 
y-fyhuy. Jsu-try^/^y^fyhuy. *ssV*V 
^y*fy\>uy, T*1-7 h*s*VV v. mikTiV* 

m$iTfl'*>l>WmT-t1-7hV7iS>. 1, 

7by#A"-KygH $ h\ l. 9-7yh7-fey*;^f 

T-feT^h^f^S/y. 1 -7$y7yh7=Jry>. 2 
" , -7sy7yb7 J f/y. ^u^'y-fLTsyryh^ 

r;^;u- 1 , 8—f-y 9)VWl4 $ b\ n - r y 

1, 8-7-7?)UM4 5 H\ N-rU— )VT)V*t)V- 
1. 8^t7^HH-f5K, 1. 8— **7^;HBK^X 
^S^V-/K 1, 9-7>b7-fe^My^H' 

[0046] *»^-C«. T/l^ U 4JS<0*BMlSft*i J: 

i^/x«7/^ y ^sc7)r;i/3df k < a ) t r-rb'v- 

X? y&«<7>7k®Mk LT(±. ^RifTfcBHfcy if-*7 A. 

x*t>*mifcr hv*7J*t Tmit* y iyj*tf-&& l < . i 

[0047] T/U^U^JgiOT/L'^df^b'isti. 

ta-j* y *^kT^^ v &m. T)v±i y &mr $ 

H^7)T;^ U ^HiE k — ;Uc?)RJEBt; «fc y£j£L 

ttopaptf £>tu h y wr^a^s' h fc # y 

t>iaKTfc»StczJlfl;3WifT^&jfe'r* y -7AT/i^ 

te r t-rh^-^K. ^y>7A^ hdf i/K. #y7A 
K. #y*7A-t e rt-7*h^H**W t>tlh . 

[0048] ^zmx-m^&TJU*} y&fiertciH&lfcfe 
cfciA'/XJir;^y^m<or;U3drxb' (a) \t. *ti 
t'tamcm^z ^tms^ itiai^ffflti 

i)^. #y^A7/l^*v"b'#*f£L<. #K^y»7A 
-t e r t-7>df>'-Kj5f<#4U>. 

[0049] r-^t'^^osii^-ri^rwHi* 

(B) fcLTIi. ^WtrrifbV^oai^W^i^DSI 
Lv>. ,r<oby $ H7-fe'ey^«jt lt 

li. Adv. Hetero. Chem. , f I42f, 
p 8 3 ( 1 9 8 7) miZs5MZtlX^& l><7>&Wft> 
Mitff y 5 H [ 1 , 2 - a ] T-b'b>\ by 5 H 




8) W9-194746 

1 4 

[ l , 6 - a ] r-fe'try, try 5 K [4 . 5 - b ] 7b 
ty, t'j$p[4, 5 — c ] 7-fe'ty, b y $ k 

[ 4 . 5 - d ] 7-bb>\ by 5 K [ 5 . 4 - c ] 7b 

b>. by$K[5, 4-b]r-bby s 1, s-'Jt 

-»FbV7o [5, 4, 0] -7-7yf-fey (DB 
U) „ 1 . 5-y'7ft'^n [4. 3. 0] -5-7 
*>(DBN) & *\ - Kt^^tf fc-&%tt$Rse 
$ix^t<7)T{i^v\ ifi^b'j 5 HT-bb y^-fL-^5 
o+T'tzi^r $ s; . #t i , 8 - 

10 hy;n[5, 4, o]-7->?yf-fey(DBU)i) 
.ktfl. 5-^'Tifb'^o [4, 3, o]-5-7* 
y(DBN) L < » 1 . 5 —>*Tif b^7u 
[4, 3, 0]-5-7*y(DBN)^i^SL 
v\ £*t^7lfb$^oS£^&*lfUg«l:i. -eit-f 

[0050] ±%iT)v* v&m<7>*m\3bi$ £if/xte 

W^'J^^^yK (A) T-Wi/fvm 

tt-f&umtm ( b ) <nn& L\^m^^it. #v 

20 7A-tert-7>^yKM, 8-y'7ft'y^D 
[5,4, 0]-7-7yf-ty(DBU)(7)S^ 
it. iSilf^y^A-t e rt-^h^^Kk 1, 5- 
vTlfb'v-^a [4, 3, 0] -5-/*y (DBN) 
<DiS^;b-tfT£> 0 . y *7 A— tert-7'K 

ynti, 5-xTifb*^^a [4, 3, 0] -5-7 
^y(DBN) <7)ffi^^-fr^*t^§tl.-& . 

[oo5U ±mt)v*j vtem^mivrntskifi/xii 

r;^y^JB<50T^n=¥S>K (A) co^ffliii. 
muZJr&Mmt&fa ( C ) l.^KcMLT. ii^O. 5 
30 ~3 0^c7)iEH. «Fi t<<4 1 ~2 0^;WO4ESI. # 

(3jff*L<ti. 2—i 2=t)v<r>mmx'hh. 

[0052]^, ±IST^b^7a^2r^-r-5»^Hlg 

£ < b) (Dmm&a. ms&msi&mm&ik'&fa (c > 

1 *;Wc*f LT . ®S 0 . 5~3 0^;KO©fflT"fei) . 
<IL. ^Bflfc^ffl.^-^^^S^m'fk^I (C) 
<?>Z-&.WRJ&&. IrtMffiKCfiL. Tifb'v-^nig^ 
-rSWdSiSS (B) £l&<. tJLT. Plfll. D OfflETX 

^ T1fb^na«:1W6*««ai (B) co&mm 

40 j± s ms^m^wmAksm (c) i^;kcwlt. 

iT^L<Jil~20 ^;K7)SH. L < 12 2 - 1 

5^/K7)$Sffl. iftt*F*L<{2 3-l 5^;WO^fflT'* 
0. **i»jli^fHR£T^)*&. *f*L<{i2~3 0^E 
;U<0®ffl. mzMt L<J24— 2 0^;KD&HT-£>&. 
[ 0 0 5 3 ] Rt=» T;W* y^MOTkig-ft^fc 

{iT^y^Jlor^n^Syh' (A) i^;kc:*n-^t 

-rb^^oissr^-rs^iiuss ( b) co&mmt. 

0. 2~7^;t/OlSSI. #4 t<ii0. 5~4^;K7)® 
ffl. ^ic*?4L.<«iO. 5-~2^;Pc7)^H-C'fc^». 
50 [0054] ^HJtCfcft^i^^^^S^-fk-^l 



(9) 

1 5 

(C) cr>-M.-\tKm±. ±MZLtz£5lzimmmc?)&&. 

v*. r. 

[0055] ig&smmt. lxi±. r/i^ 
" <a) . rifb*^aajs-^rrsqs««* (b> *5±i/ 

ft. x-7VUW5*»$>ffl8(cj8fR-e , & & . £ft£>W&?§ 

% RiBsWS^nBTjRTt"* *>"C# * t < . 
3ftftjft4 0 X&Lt. JBF* b < lit* 5 0~ 3 5 0 *C<7> 

nm&MET-CR&tff oZb i&ffl-e*>2> . £ ft 
ttfflfflWHSefflMtt. WteWWi**^ afr&^SS:*^* 
»ft^t*l(C) l^M^U, 50-5000ml 20 

[00 56] ±Md?mm&<r>%frTi> . TZ^MbLX 

tmgub&mb L-anmuz^me—i $x\ 

ft t T V t> J: V ^fitRXttW^IilSRflt-ffc*^^- 
9^fle#fltfc£»i: LT MUtMMrHk 6 ~ 1 1 X\ fttt 

r^^®^5~l 3t\ fc^l^tt^BBKB^ 30 
tK^S-^S^ST-KJUS tit v %T t> J; t ^SSSttSK 
<fb&ft#. x-^/P&i: l/Ct±BSRIS»4~2 0tf>tt 
4Mwft LT t> <fc V^JBISfcx-xyHH^rSaix-^ 

7x-;n-f/w« -eft-eft** lv*. ±iea 

[0057] £ft 4>:&»8«£A*WiC^fc » T 5 y 
Uy. 2-7$yf7^b>. 7i-l/yy'7;yf 

y. f^y. ^yf*>. Kf^v, h'Jf* 
y. ff7f*y, 'v*-9-x#y. $s9 

;?no^y-t:y. T-Q^y-fe'y. t7;i/X 
fyH-?^^. t'71-^f* 5 . *gf£!I5r#;!£-fE£-ft 




«if9-l 94 74 6 

1 6 

y. T9 U >-'y. l, io-7itybo'jyf#, x 
— f;l^tii"7*ntf;wx— x/W. rf-^x— - f/K ^ 
v-;l/x— rvK :fr7?-;Wx— - ?7K f b7t K077 
y. <y/77V, y'7i-^x-fil', ; t/7'7'( 

WUxy. ^./^-f A s yY7-fA, hU 

$W&5£$ft&&OT'l:J:3rU. ifc, W&}§&<2. -eft 
Z b i>x°z & „ 

[0058] ^wm-giiKfim x-ms^m^mmm 

&nv>mBX'M1RX'Z . mz-l£4 0~3 0 Otcofilt 
BimZff ? Z b ^T'# h 13k WnMh^ 8 0 — 25 

■C**. 8 0 — 1 SO-CcoKB-C'M^JSSrtTd 

Xf/yj>ti3 0 ^J*Tfl'3^is\ i: &fft\e'*hZ\bti i ¥fli~1B-£. 
[ 0 0 5 9 ] 5S^. ^Bjconi^^tcfcH^. «A 

$ Loa^&^tf. »j ^JS<7)7K^Lftfc it^/x 
iir^u^JSor^n^i/^ (a) trift'v-^os 

Sr^-r^W^S (B) fcSril-^Lfe^ m^M^ 
(C) l:^jDtT~i'fbKJC5$-^-i)i:. T 
)VX U ^JRcOTk^-ftftfc ii//XJir;P* 'J ^107^ 

(b> ^>«ffl**HS«sftH itzmmfs\x'Rm*mT-t 

Z>&X1&£ L < . $r*»"C t> T;W^ f ^®^7KS!-fkftJ3 X 
U/Xi±T)V*}V&m<r>T)Va*>>Y (A) hTlft'^ 

^naii^&inWS* (B) fcfcftfrLfetiL -a-ft 

-l 80°c(-Jn^L. i^^^i??S3^^k^ft (c) 
*8K!niLT^'fb»S$-fr4*i£* J «rfc:«@SSft&. * 

m^m^^M^t^ (C ) co^JDBflt L<ti^!lD 
B#T"ft-&*^ 55r^Tt mUr&m&^mi&ltis-'fa (C) 

wasstaffirtcr;^ u ^m^*st-fl:ft*i it/vOUir/i^ 

'JAIWT^^^K (A) bT^isVnMtt-th 

8l£3rr&W8£&S (B) *iJ:i//X«*«JS«fc:. * 
iXX(±?§W £ *T j» L T t, J; v % . 



(10) 



1 94 74 6 



1 7 



1 8 



[ o o 6 o j ±ie, m^^m^mmmmt-^M < c ) co 

(B) <OttH»#®SS*U iJWen$HlTKJ&WftT 
[0061] ZJMfcRffiKTSL WiJf 35ffl4-C»» 

T J ft'i/?zimZ3rtZ3iffl&& (B) fc#M8K 
teEJJRStu 4&Kfc:jEfcTjKSSL B^Jffl-T & - k tfX' 

[0062] I^LhtClB® =fc O fc. *«BBI±, T/V# 

zsY (A) k. Tfty^DUttStiSKB) 

(C) Sr-i^-fr^^T-^-i.*^ i<o*tKi»-35» 

OT/I^^K (A) k. T^ft'S/^aSSrW-r^^TlS 
tSM(B) bimmZtltz&ftX\ 1, S-S^^V-f 
;^7^1^>^S-fLRJiB$-»*:T4. 5, 9. 10-yX 

[0063] 

m&ftmm3Mt&mcr>w.WiW.m&m<?)i&m (^%) t- 

« 

[0064] HJfcPlJ 1 

8B*gBi3j:irafc#Sl»£ftLfc2 0 Om 1 0>*JK7 
7X3(; S *'J»>A-tert-/h^xK30. 3g 

(27 Omm o 1 ) , 1, 5 -i^'Tif h'S^n [4, 
3, 0] -5-/*y(DBN)44. 71g (360 
mmo 1 ) &£Tfis7"74 A9 Om 1 Srfln*.. 77^3 
£ 1 7 OX^l&mtiiU S*#HSIT* lB#^mffL 
fc. 1. 8-t7^K>fSH17. 75 g 

(9 0mmo 1 ) £jD;iTH»ire8B*KI^3-frJfc. 
&WC> »E«2rSafc:?*flIL, 7fc2 0 0ml S-jD-iT 
3 07tfS]J$#L*;f3L 536U 7K2 0 0m IT'20. T 
-feh^200mlT'2lHl, y^DD^^y20 Omit 
2 0at^Lfeft. iET(lmmHg) , 12 0'CT'6 



B#|S!f£*iLT. ^.U 4, 9, 10-fb7* 

jVtfym&J 5 h' 1 7 . 3 9s (W : 9 9%) £4# 

[0 06 5] mmm2 

#y*7A- t e r t-7h^>h'30. 3g (270m 
mo 1 ) £7)f^*3»?t-. *iJ»JpAXKj/F2 2. 72g 
(270mmol)Jffll tfsUWiHttW 1 k IsJSH- L 

t. ^ui^v-3, 4, 9, i o-f h^^yiy 

4 S K 1 1 . 0 7 g (iRifS : 6 3%) 
10 [0 06 6] HMM3 

#y>A-t e rt-7*hdfyK30. 3 g (2 70m 
mo 1 ) <7>{th*)lZ. Xmi* U *7A 1 5 . 1 5 g ( 2 
7 0 m m o 1 ) Srffll ^fcEJWiUJSW 1 ^ l 1 !^ . 

^yi^y-3, 4, 9, lo-f h7^t:yi^5 

h*7. 9 1 g (HX^: 4 5%) 
[0067] IQ6M4 

y/7U9 0m 1 <7>fcb9(-, f b7^7-iA9 0ni 
1 £J8^J2tfM4#li&0yi klHia^LT. ^'JUy- 

3. 4, 9, 10-f b7^yt^5K16;.8 
20 7 g (JR^P : 9 6%) 

[0 06 8]HM^J5 

A90m 1 OftbDC.. =^7 >J ^9 Om 1 f-ffl 
v tfiJSWiSIJtW l k t T . ^ }J U > - 3 , 4 , 
9, 10-f h7*;Kfyly'f Sh'17. 39g(IR 
^: 9 9%) Srtffc. 
[0 06 9] HJS^J6 

tmrnmn xvmffi&msZtt la: 2 0 0 m 1 ^^us^ 

7Xat; % ^'J<>A-tert-7'h^yH30. 3g 
(270mmol). 1, 5 - &Tf t*^^ D [ 4 . 
30 3. 0] -S-S*> (DBN) 44. 7 1 g (360 
mmo 1 ) tSXXf^Sy^J A9 Om 1 2rjni.s 

3^130 -co?ft?g(c?f t . mmmm^T. 1 b$rr»¥ 

L^. ^Ot^. 1 , 8 — *-7*;HM 5 b* 1 7 . 7 5 g 
(9 0mmo 1 ) ^Jnx.T|H|>aST3^^$^. 

KJC?R$r^^aL. ?K2 0 0m 1 S:jDi.T 
3 04MBHJIffLfcfifc. >>®L. 7k2 0 0mlt2Hl, T 
-fehy2 0 Om 1 T2HK y*7oo^^y2 0 0mlT' 
20ac»Lfc», ®J±T ( 1 mm H g ) . 12 O'CT'6 

mtsmmLx. 4, 9, io-fb7* 

40 ;^yKy^$K13. 1 8g (IR^: 7 5%) 
[0070] H»«7 

t7/7U9 0m 1 iO^t^Ot. ^y90m 1 

m^^Mitmmme tmmzLx . ^.yu^-3. 

4. 9. 10-fb7*;^y||yM$F15. 46g 
(JR*: 8 8%) 

[007 1 ] ^Jfi^I8 

ty^'f A9 Om 1 OftbOlC h^x>-90mlSr 
^w^JSyMiW6«6k|S|*tcLr. 
50 4, 9, 1 0-fh7*MyIyM$K14. 93 g 



( 

1 9 

(JR3&: 8 5%) 
[0 0 7 2] 

y9 0ml5fflv ^fcJSWiSltiW 6 fc PUSH; LT . ^ U 

i/y-3, 4, 9. io-fb5*;^yl^ 5Fi 

4 . 9 3 g (IR^ : 8 5%) 
[0073] HtfeM 1 0 

msmm.* 1 3 o-ctgaeLfefi^Miiotw 1 1 mm 

fcl/t. 4. 9, 10-f h7*;^> 

$ K 1 7 . 3 8 g <JR* : 9 9%) 
[0074] HtSCT 1 1 

1 0 OX:jcMLfc£Wtt«*W 1 i: 
fcLT, 4. 9, 10-rb7*;^/ 

Ri^M 5 H 1 2. 3 g mm : 7 0%) fcftfc. 
[0075] HSfeCT 1 2 

MiiSoittKfc 1 3 0-ck. a*; i , 8— t-^^sm $ 

WlfcBKKLT. 4, 9, 10— rb 

7*;^yiyMSK17. 39g (H$: 99%) $• 

[0076] mifeM 1 3 

Mi tmmizLT. 1V1s>-3, 4, 9, 10-fh 
7*;P^>ly-f 5 H 1 7 . 3 9 g (JR* : 9 9%) £ 

[0077] HS£0>J 1 4 

T.^'JUy-3, 4, 9, 10-f h7*M>lv 
-T 5 h* 1 6 . 1 6 g (iRsp : 9 2%) 
[0078] HSfcffl 1 5 

1. S-^T-rt'S^a [4 . 3. 0] -5-y*>" 
(DBN) 44. 71g(360mmol) tf>ffcb *) 
(C. 1. 8-^r^*b*->^o [ 5. 4. 0] -7 -try 
fMy (DBU) 54. 8g (360mmo 1 ) 

fcjywissjtw i fc mmizLx **<vu>-3. a, 

9, 10-fh7*;l"fyiyMSb'16. 5 2g <IR 
m: 9 4%) 
[0079] HJfefiaj 1 6 

Ac?5fi6fflS^5 Om 1 C£3CLfcJaWi3l«W 
lfcRfiKcLT. 4, 9, 10-f h5 

^y^OSy-f 5 H 1 7 . 3 9 g <JR* : 99%) iH# 

[0080] 5lJ5£0iJ 1 7 

zjr^Mxeyqmm.* 2 0 0ml fc:30ELfcia*M±!Ufc 
011 fcBHHcl/C. ^'Jyy-3, 4. 9, 10-fh 
^^iK^KSM $F15. 46g (IR^: 88%) 5: 

[0081] HSfe^J 1 8 

7X3C, ^'j^A-tert-Zf^yKSO. 3g 



11) Itm^-l 94746 

2 0 

(270mmolK 1. 5 -i^TIf t'^x* a [ 4 . 
3.0] (DBN) 44. 71g (360 

mmo 1 ) , 1 , 8— i-y?lW&M 5 HI 7. 7 5g 
(9 0mmo 1 ) cfcitfi'V^'f A9 Om 1 SrjDX. 7 
3 0°C<7)?fi7§tCiIL, SSt#HmT. 4B#K 
<fcwc\ 7K2 0 0 

ml 2rJPi.T 3 O^IBHWPLfeft. 6iSU *200m 
1-C2EU T-feh^2 0 0m 1 -C2EJ. y'^no^^y 

2 0 0m 1 T-2BU^?f L/c^. MET ( ImmHg) . 

io 1 2 o°ct 6mm&mi>T. ^j^y- 3, 4, 9, 1 

O-fb^^yly^iHH. 93 g (JR35:8 
5%) 

[0082] HM0« 1 9 

JSI^Sfc J:l^gi[^aiSSrftL^2 0 Om 1 <7)*M? 

^'J^A-tert-yh^fyKSO. 3g 
(270ramol), 1. b'S^U [4 . 

3.0] -S-y*^ (DBN) 44- 71g (360 
mmo 1 ) % ^7^90111 1 S-JD*.. 7 1 

3 0 TXftHSeai L . gf?l#BMT. 1 Lfc . 
20 -ecom. 1, 8-t7^;l«^$K17. 7 5g (9 0 

mmo 1 ) $:Jni.T|Bl^-e3^Rm$^. 

T\ RJBJKSrSfflC^aJLfcl*, ^aiU T-bh>-2 0 

Om lT2 0ifc#Lfc^, MEET ( ImmHg) „ 12 

oxrt'6B*Hgsg*SLT. 4. 9. 10- 

7 x b7#/l'*>'B?SM £K1 7. 39g («*: 99 
%) 

t,«E!SUyy7'(A86ml (@iR^:95« 
A%)iJ±Z/l, [4, 3, 0] - 

30 5-y^i/ (DBN) 4 2. 0 3 g (ElRsp : 9 411 
%) £0iRL*:„ 

[0084] *m£Kfc Jttf»S#SWS£f* Uc200 
m 1 <7)M77^3C, *'JW-te r t -7>^ 
K23. 56g(210mmol). HDRL^l , 5- 
i/Tifb'i/^O [4, 3, 0] -5-y*y (DBN) 
34. 77g (280mmol) ii itfBiR UtS^^ 
-fA70m 1 SrJni.. 77X3?: 1 3 OX^fii^tof 
U Mf?t#EIMT\ l«HHJRJfLfc. *cOf&. 1,8- 
S HI 3. 8g (7 Ommo 1 ) SrJotT 
40 |3l)ajg-e3I^^JC$-tir^. <*V>Ts 

4PU i200ml SrJniTSO^HlHfllfLfcte, 
U 7j<2 0 Om 1 T2Ifi]. T-bf-y200m lT2[Ik 
i/'7nn^^>'2 0 0mlT-2llI^L^. MffiT 

(ImmHg). 1 2 0°CT'6^|2^LT. IVUy 

-3, 4, 9, 1 o-T-h^^^ym^-f $ h* 1 3. 

39 g mm: 9 8%) 
[0085] HM0112O 

m.mkm.&xxsmtis.tfs&ftZttLtz 2 0 0 m 1 ^^ue^ 

7X3C, ^'J-)A-tert-yh=»fyK100. 9 
50 9g (900mmo 1 ) fcit^l, 5-y'7fb'y7D 




(1 

2 1 

[4, 3. 0] -5S*> (DBN) 59. 61g 
( 1 0 0 Ommo 1 ) fcjnx.* 77X3$1 3 0*Cc7)?B3 

1, 8— *-7*;UBM$K17. 7 5g (9 Ommo 
l ) £ta;lTBi&gT'3i*IBRIS$-£jfc. iX^T. £JE 
«*SSafc:K*lU *200m 1 *fyz.X30-frm&& 
Lfc«, *3SU *2OOml"C20, 7-fefy200 
mlT2[sk ->7.nn^ ^y200mlt2 @® 

'" 1 2 0*CT6 iftBBMMBK"*-* £ fc J: 9 . *<y 
V-3, 4, 9, 1 0-f HXfMVl^'f 5 H 1 

•7. 3 9g (»R*: 9 9%) £#J^. 
[00 86] K0fi«2 1 

fflmm&ximffifttii&zttLfiis o om 1 <o*je7 

7Xa(:^'J^-tert-y^yK60. 59 
g< 54 Ommo IK 1, 5-SWt^o.[4, 
3, 0] -5-y*y (DBN) 89. 42g (720 
mmo 1 ) fcitf^-fAl 0 0ml £Jn.i, 
3*1 7 0'CO?Bli§toSU ^SH^T. l^JSif 
-?-ct)^ s N-^^-;U-l, 8—*-7^;MR>f S 
HI 9. Os (9 Ommo 1 ) £JO;tT|3RaKT 81513 
RJBS*fc. <K^T. »SM£g«fc?fcHJU *2 0 0 
m 1 £ JPxT 3 0 Lfc*, 6ll.*200m 

1 t2 0s 7-bh>200m 1 T2EU ^oo^^y 

2 00m 1 T2@8tefrL!tf&, ( ImmHg) N 
1 2 0*CT6BSHMg**l/C* N , N ' *OJ 
l^y-3, 4. 9, 1 O-fh^Myl^ S H 1 
7. 3 2g <IR*: 9 2%) fcttfc. 

[00 87] HJS01J2 2 

8-t7^;H^5H19. 0g(9 

Ommo 1 ) <0ffcb9iC. N-7x-;H 1 . 8-^7 
*;V®4 5H24. 6g (9 0mmol ) SrfflUfcW 

ummM2 1 tmmzvx . n, n- 

\)l»y-3, 4, 9, 1 0— f h^AA'tfy&i'J 5 
18. 3 1 g (JR^: 7 5%) 
[00 88] 11^123 

8— 1-y?MM 5 HI 9. Og (9 
Ommo 1 ) COithKliZ^ N- ( P K^7i- 
;U) - 1 , 8— $ H 2 7 . 3g(90mm 

o i ) zm^*:aMtmsm2 1 tmnizLx. n. 

N' -2/ (P--X h=^~>7x— /P) , 
4, 9, 1 0 —t h Ji3)Vi£vWJ4 $ H 2 1 . 7g 

(iR^ : 8 0%) 

[00 8 9] #1JHE0IJ2 4 

N-^^-l. 8-t7^/H8'f5K19. Og (9 
Ommo 1 ) Oft^O^. N- (3, 
~/P) -1, 8— *-7*>l'BK$H2 7. 12g (90 
mmo 1 ) *fflV^J^liS5JtW2 1 fcPHSMcLTs 
N, N' - v ( 3 , 5-y^f^7i-^) -^UVV 
-3. 4, 9, 10-fb7^Vi^5K2 3. 
7 1 g <IR$S: 8 8%) *f*fc. 




2) #1^9-194746 

2 2 

[0 09 0] HS60U2 5 

N-t+fr-l. 8— i"7^;UK-f $ H 1 9 . Og (9 
Ommo 1 ) *>ft*>9fc. N-<y^>-l , 8—7-7 
5H25. 86g (9 Ommo 1 ) SrfflVtfrJ^ 
*M3SttW2 1i:H*fcl/C, N, N' -^Oi-'/U- 
^Ul^y-3, 4. 9, 10-f b?ti)l'tf>Mz/- / i S. 
H 1 9 . 7 7 g (JR^ : 7 7%) 
[0 09 1] ggtfcH2 6 

N-*f-;W-l, 8— 7-7 */M&-f 5 HI 9. Og (9 
10 Ommo 1 ) (WzbK>lZ, N-y?DM^- 1 . 8 
— 7-7^;VK-< $ H2 5- 14g (90mmo 1 ) Srffl 
V tftjyWiSUKW 2 1 t P]«K LT , N , N ' ' - iSis? 

4, 9, 1 0-fb7*^ 
5 H 2 4 . 4 6 g (HX^ : 9 8%) 
[0 09 2] HM^J2 7 

i$#SIBfc J:t«iaQftaJ»«:ft Ufc 5 0ml <7)*JS7 5 
xalz^ tfl/^A-t e r 1-7^x^3. 03g 
(27mmolK 1, 5 -S^TT b'^^D [ 4 , 3, 
0] -5-y$y (DBN) 4. 47g ( 3 6 mmo 
20 1 ) A (9ml > Mn£, 79X3*1 

fc. N-(p-7x^T/7x-;V) -1, 

8— J^^/MR-f $H3. 40 g (9 mmo 1 ) SrJPX. 
TPIiajKX'3B*^»5$^„ #V>T. RJE?££M?SI:: 
teillU *20m 1 $-aPX.T3 07i-|§Hft#Lfc^ 
K tK2 Om 1 T2EL ¥-7=74 A2 0 m 1 T2HK ^ 
;oD^^y2 0m 1 t'2111® Uci, «ffT ( lm 
mHg) s 1 2 0'CT'6Bf^|^LT. N, N ' -2/ 

(p-7x-;i'7v'7i-^) -^yi/y-3, 4, 

30 9, 10-fh7*^SSyMSh'3. 18g(lR 
m : 4 7%) 

[0093] mmm28 

mwmmis zvmsmsi&ztt 2 0 0 m 1 ^ah^ 

7A3t, ^'J^A-tert-7^yH30. 3g 
(270mmolK 1. 5-i^"Tift'^x*D [4 . 
3,0] -5-y*>" (DBN) 44. 7 1 g ( 36 0 
mm o l ) ioJ;U f S/y'7'f A9 Om 1 SrJpi.. 77^ 
£ 1 7 O-CCOiBNStaSU S*£B»T\ 1 BSISItfif+L 

40 4. 33g (9 0mmo 1 ) feaniTWl*T8l9BIE 
15$^. ^V^T', ^?S*SiStC^aiL. 7K2 0 0m 
1 ^Jni.-C 3 O^ISHftffL^a. «»U*2 0 , 0ml 
T2®. T-trhy2 0 Om 1 T20. y;DO^^y2 
0 0m 1 T20aj?L^s ifiETdmmHg), 1 
20*CT6B#S^L-C, 4, 9, 10 

- r H 5 ^ rt'sK* i^/W - t'X - < y 5 y V— 2 
2. 21 g 9 2%) 

[0 0 94] ^&fe0»J2 9 

i^wmmti XT/mtisft&i&zit ^tz 2 0 0 m 1 ^71^7 

50 7W(:,*^A-tert-7'^yH30. 3g 




( 

2 3 

(27 Omm o 1 ) s 1, 5-^T1ft'^^a [4. 
3, 0]-5-y^-y(DBN)44. 71g (360 
mmo 1 ) iiXTfi'T'JJ A (9 0m 1 ) $rJnx. 7? 
X3Sr 1 3 O'C^Bl^fcftU M#gf?H^.~K lB#fSm 

51>*2 2. 25g (9 0mmo 1 ) £flll;iTl§]2SJg-e3 
B«BIRJ63-£fc. <fcwe. RJfc&SrMiS^aiU *2 
0 0ml Srjni-T 3 0#BHW*Lfc«. *3flb. *20 
Oml T20.. r-trh^2 0 Om 1 T'2 0. ^DO^ 
^y2 0 0m l-C20St#L^m. MJET ( ImmH 
• gK 1 2 0*CT'6B#(SK£*ILT. ^W^'JV^f 
h7*Myl^Sb'20. 97 g <JR*: 9 5%) 

[00 9 5] HJ&SM3 0 

i/mmm.isxxm^^mt:nLti5o om 1 <n*M7 

*'JW-tert-/^yp60. 59 
g (54 Omm o 1 ) % 1, 5 -VT^f fcV^o [4, 
3, 0] -5-7^y (DBN) 89. 42g (720 
mmo 1 ) tSitf^'^M A9 Om 1 *lBi, 77^3 
£ 1 7 0'C^S?St?SL. g^HSRT. 1 B#H^L 
fc. 7-fet7h [1, 2-b] *m'J^2 

2. 89 g (9 0mmo 1 ) ^Mx.XWBJSX^Wmm. 
JBZtt* mMZm&lZ&£lL. *200m 

1 ZMz.X3 0ftffiMWL*itk. >bSIU ;K2 00ml 
T2m. T-fehV2 00m 1 T2HL y7on^?y2 
0 0ml -C2lsItfci»L£$L MET ( 1 mmH g ) , 1 

2 0 , C-r'6B9l8Be«IUT. V {Wa>09 [b] *y 
^t'jy) [1, 2, 3-cd, 1' . 2' , 3' -1 
m] 5. 89 g <IR^: 7 0%) £»fc. 

[00 9 6] IHSfe0<J3 1 

7tf7Kl. 2-b] ^ydM7'J>2 2. 89g 
( 90mmo 1 ) <7)ft;b 9 K . 7t7y>-7 C 1 . 2- 
b] de-ydftTU>'2 7. 39g (9 0mmo 1 ) S-fflVi 

[b] ^f/^t'J/) yX>V'<'Jl/>'2 0. 4g (1R 

7 5%) 
[00 9 7] 3W<I3 2 

7*t7h[l, 2-b]^W^22. 89g 

< 9 0mmo 1 ) OftbOK, 9, 
t7h [1, 2-b] Jf/^ft l J>'2 5. 06g (90 
mmo 1 ) SfflV^JJW-li|tBW«3 0t:ra«fc:LiC. i? 

{is7W*.V9 [b] -9. 1 0-iS*f-)V*S**)r \) 
S) ^UV-yie. 66g (JR*: 67%) 

[00 98] I?fi6#»]3 3 

7tt7h [1, 2-b] *y*-9" l J>'2 2. 89g 
(9 0mmo 1 ) <75ft^0^. h C 1 . 2- 

b] t7yyi 8. 38 g ( 9 Ommo 1 ) 5rfflVi7cJ^ 
WiSSttW 3 0k mmiz LT. y ( ls9 [ b ] 

t°9^V) ^U1^>1 3. 1 6g (IR^: 7 3%) 




.3) #HPP9-1 94 74 6 

24 

[0 09 9] HSSCT3 4 

T-fcT-7 b [ 1 . 2 - b ] y22. 8 9 g 

(90mmol)<?)^^:> 8, 9 - ^X^UT-bi- 
7h [1, 2-b] \Z=7 S JV13. 60g (90mmo 

i ) zm^tzmumm®i3 o tmmizvx . s j 

ci^>? [b] -8, 9-^^tf^^y) ^UV^ 
16- 5 0 g («5U£: 7 1%) 
[0 1 00] H56CT3 5 

b [ 1 . 2 - b ] *S**fV V22. 8 9 g 
10 (90mmo 1 ) WftbOt. ^yfyhny2 0. 7 

2 g ( 9 0 mm o 1 ) £fflU7d^hte^ifc#«3 0 kPJfil 
CU, -fVt'^yhay^. 93g(iR3*:97 
%) 

[ o i o i ] mnm3 6 

r-ti-y b [ 1 , 2 - b ] ^y^-f >J >22. 8 9 g 
(9 Ommo 1 ) <Offcb9C ? on^/f >'ha>'2 
3. 82g (90mmol ) 5rffi\\ 6^KJS5$-±^: 

hay2 2. 6 3g (1R^: 9 5%) 
20 [0 1 02] m&k&lS 7 

7tt7h'[l. 2-b] *S*'?V>22. 89 g 
(9 Ommo 1 ) VO-^Vha 
>2 5. 23g(90mmol) Srffll^^MiHSfi^J 

3 0k|5]«{cLT. 6, 7, 8, 9-^/^7^ 
7 yhoy24. 55g (iR^: 9 8%) 

[o 1 03] mmmss 

mmm&xvMffi&w&zttLtz 5 0 0 m 1 ^^js? 

*y7A-tert-7KyK90. 8 9 
g (81 Ommo 1)-. 1, 5 - ^T^'t'^^a [ 4 , 
30 3, 0]-5-/*y(DBN) 134. 13g (10 
8 Ommo 1 ) fWy^-f A90m 1 SrJPX.. 77 
7,3^17 O'COiliriStof U Mfg#H^,T. immi 
WLtz. Zcoik. 2-75/7yh7 J f7V20. 09 
g (9 Ommo 1 ) £flQ;cTraKT'8B#[S15c*E£-£ 
fc. Jfcvvf, ^E*££S;rfik:?£2nU *2 0 Om 1 Srfln 
i.T3 0^BBWfLfe«, *SftU *200mlt2 
[Us 7-bhy200ra 1T2HK i/7nn^?>2 0 0 
mlT20ac^L^ms MffiT(lmmHg). 120 

x:xs^rs$tmtx . ^h^y^-N, n- 

40 t KnTv'yi 9. 9 1g (Rf :9 8%) Jit. 
[0 104] HJ6CT3 9 

J»fBSB*iJ:l^aKe^aJ»S:#L,fc5 Om 1 0^77 
^.=J(C -7-h>jT7^- t e r t -7h#yK 7. 7 8g 

(8immoi)fcj:i/i, 5-yrfe^n[4, 

3,0] -5-y*> (DBN ) 13. 41g (108 
mmo 1 ) £flD;i. 7 7A3J 2 3 0 'O^flttStot U 

s^#Hmr. ib#PbW#l^„ 2-7577 

^b7 d f-/>'2 . 0 1 g ( 9 mmo 1 ) ZMz.XlsliSJg. 
X'3tiff%KfcZtt. <X^X\ KfiMiMiSLlztiiitiV. 
50 7j<2 Om 1 SrjDi.T 3 O^^L^m. ^>iSL. t}<2 



( 

25 

Oml-C2[2L ^7?U2OmlT20s ^OO^ 
^y2 0mlX'2Wdmtfzm. MffiT ( ImmH 

N, N ' -i/'tPn7y>0. 9 1 g (JR*: 4 5%) 

[0105] Sl5£0iJ4 0 

il^SSS^fflS^ft 5 0ml COAiS^ 7 
#y*A-t e rt-7>*^l<9. 09g 
(8 1 mmo IK 1, 5-yrfty?D [4/3, 
0] (DBN) 13. 41g (1 0 8mm 

o 1 ) fciU^^-f A9m 1 SrJnx.. 1 7 

o-co^^ftt. mmwmmr. l^mmt^* * 

<7>&. 2-75/-3-^nn7yh7^/>2. 32 
g (9mmo 1 ) *Mz.XmWMT88fmRmZtt. 
JJCWC, £OS*g£SiS£#aiU *2 0 m 1 SrJPtT 3 
0^HJt#tfef^ *>5&U *20mlT2Hk T-feb 
y2Omlt20, y^Dn^^y20mlT2HlJit# 
bfcSL MET ( 1 mmH g ) . 1 2 0 XTC 6 B$f§g$l 
LT. 3, 3' -^DDi^ybW/^-N, N' 
-^hh'D7y>2. 27 g (HX* : 9 8%) Sr#fc. 
[0106] glS&#lJ4 1 

«J^*feJ:tf»aB&SJ»£ttl'fc 5 0ml ct)A^^^ 
*D^-tert-rKyK9. 09g 
(8 lmmo 1 ) teXlfl , 5-^'Tift'^n [4, 
3, 0] - 5-7*V(DBN) 13. 4 1 g ( 1 08 
mmo 1 ) Hat. 77A-3*2 0 0°CC7timizmV. 

mmmm^r. immsmLiz. 2-rsy- 

3-?nD7yb7#y>2 . 3 2 g ( 9 mm o 1 ) 2: 
iSC^fflt. 7j<2 Om 1 *Jni.T3 O^IBHWPLfcft. 



4) i(t^9-1 94746 

26 

^5SU *2 0ml-C2ia. yy^A20mlt2 
Eh y7DO^?y2 Om 1 X"2WS&tVK3k* MJET 
(ImmHgK 12 0XlX'6^WmMLX. 3, 3' 

y2. 22g (1R^: 9 5%) 
[0107] §fe&£0>J4 2 

mr^sfc j: txsaa&ajssrft Lfc 2 0 0 m 1 

7X3t, *iJ>)A-tert-yKyK30. 3g 
(270mmol). 1. 5 - &TW5'9 o [ 4 . 
10 3, 0]-5-/^y(DBN)44. 71g(360 
mmo 1 ) fe<tlf^7^A9 0m 1 £Jn*.. 77W 
£1 3 0*CO?EinStof U S§B#H^T. l^BHWPL 

fe. -eoa, i-rsyryb7^yy2o. 09g 

(9 0mmo 1 ) itiUZ-X 8B*iaRJB§-erfc. *Vv<\ 
£M£S&K#iPU 7k2 0 0ml SriP^T 3 Ot)-® 
StffLfcflL *JiU *2 0 0ml"C2EI, T-fet>^2 
OOmlT-20s y7any^y2 0 0mlt2Hlft# 
L*:f£. i&ET ( 1 mmH g ) . 12 0TrC6B#F§f£$ 
tT. 4, 4' -y7Sy-l> 1' -^T3^W 
20 -;H3g (1R^: 6 5%) 
[0108] 

(c) A^^s-ft^n^ss^-^iS^yrS^ 
5^os&£:rrs**«afc (b> k^MfflasEttEHRtr 

30 



